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EXECUTIVE SUMMARY

This background document provides EPA's rationale and technical support for developing
Land Disposal Restriction (LDR) treatment standards for K176, K177, and K178. EPA islisting
K176, K177, and K178 as hazardous wastes:

. K176: Baghouse filters from the production of antimony oxide, including filters from
the production of intermediates (e.g., antimony metal or crude antimony oxide).

. K177: Slag from the production of antimony oxidethat is speculatively accumulated
or disposed, including slag fromthe production of intermediates(e.g., antimony metal
or crude antimony oxide).

. K 178: Residues frommanufacturing and manufacturing-site storage of ferric chloride
from acids formed during the production of titanium dioxide using the chloride-
ilmenite process.

EPA is prohibiting the land disposal of both nonwastewater and wastewater forms of
Hazardous Waste Nos. K176, K177, and K178 and promulgating LDR treatment standardsfor these
wastes as proposed in September 2000.1 Specifically, EPA isapplying existing numerical Universal
Treatment Standards found at 40 CFR 268.48 to certain congtituents present in the wastes listed as
K176, K177, and K178. One of the constituents proposed as abasisfor listing K178, manganese, is
not on the list of universal treatment standards; EPA isdeferring final action on treatment standards
for manganeseinK 178. EPA aso proposed to add manganeseto the UT Stable (40 CFR 268.48) and
to the congtituents regul ated by FO39 (40 CFR 268.40). Inthefinal rule, EPA isdeferring final action
on the application of the manganese treatment requirements to FO39 |leachate, and on the addition of
manganese to the UTS. See section IV .b. of the preamble to the final rule for adiscussionof EPA’s

decision to defer fina action on manganese-related elements of the proposed rule.

For K178, EPA aso extends the option of complying with the technology standard of
combustion (CMBST) for the chlorinated dibenzo-p-dioxin and dibenzofuran (dioxins and furans).

! Hazardous Waste M anagement System; | dentification and Listing of Hazardous Waste; Inorganic
Chemical Manufacturing Wastes; Land Disposal Restrictions for Newly Identified Wastes; and CERCLA
Hazardous Substance Designation and Reportable Quantities; Proposed Rule. September 14, 2000.



Handlers that choose to use combustion to treat K178 wastes are not required to test for the dioxins
and furans, but the waste must still comply with numerical standards for metals.

Characterization of Wastes

Informationfor thisBDAT analysis was derived fromanswers received fromaquestionnaire
under the authority of RCRA 3007 and record sampling. After collecting this information, EPA
studied the specific characteristics of the waste and how these wastes will be categorized in LDR
treatment standards.

K176 and K177 are both wastes fromantimony oxide production. K176 represents baghouse
filtersand K177 represents dag. Both wasteswill typically be designated as nonwastewaters dueto
their significant solids content. K178 is waste residues from titanium dioxide production, which

would also be classified as a nonwastewater.

Development of BDAT Treatment Standards

In developing the LDR treatment standards finalized today, EPA adhered to the following
methodology. EPA identified the constituentsthat would becomethe basisfor listing for thesewastes.
Additionally, EPA used the record sampling data collected during the visits to some of the facilities.
EPA compared these waste concentrations to previoudly investigated performance data for many of
these constituents, obtained throughits devel opment of universal treatment standards (UTS) at 40 CFR
268.48 as well as its development of trestment standards for "U and P' listed wastes at 40 CFR
268.40.

For K176 and K177, EPA identified only metal constituents as hazardous constituents present
inthewaste. In K176, 14 metals from the UTStable at 40 CFR 268.48 were identified in the waste,
five of whichwerefound above the treatment level s: antimony, arsenic, cadmium, lead, and mercury.
EPA selected treatment standards for these five constituentsin K176 equivalent to the UTS levels.
Fourteen metalswere fromthe UTStable were also identified in K177, however only antimony and

lead were above the UTS levels. In addition, arsenic was found at concentrations near its UTS.



Therefore, EPA selected treatment standards for these three constituentsin K177 equivalent to the
UTSlevels.

For K178, dioxins, furans, organics, and metalswere found inthewaste stream. Of themetals
on the UTStable, only thallium was found at concentrations above the treatment levels. Dioxin and
furan congenerswere also found inK 178 above UTSIimits and are included in the li st of constituents
with treatment standards.

Please see Table ES-1 for afull listing of the treatment standardsin K176, K177, and K178.

All of the treatment standards for wastewater and nonwastewater forms of K176, K177, and
K178 are consistent with the development of the UTS limits published in the Land Disposal
Restrictions Phase Il final rulemaking (September 19, 1994; 59 FR 47980), the LDR Phase IV
rulemaking (May 28, 1998; 63 FR 28556), the chlorinated aliphatics production wastes rulemaking
(November 8, 2000; 65 FR 67067 for certain dioxin and furan congeners), and their associated
background documents. However, for the antimony constituent found in K176 and K177 wastes, EPA
found that the technology used to develop the UTS standard (stabilization) was not necessarily
demonstrated for the high concentration of antimony found inuntreated K176 and K177. EPA received
no public comments, however, to suggest that the antimony treatment standard for K176 and K177

could not be met using existing available technology.



Table ES-1. Summary of Treatment Standardsfor Constituentsin Inorganic Chemicals
Production WastesK 176, K177, and K178

Wastewater
Treatment Standard,

CAS!? Concentration in mg/L 2, | Nonwastewater
Regulated Hazardous Constituent Number or Technology Code? Treatment Standard
K176
Antimony 7440-36-0 19 1.15mg/L TCLP
Arsenic 7440-38-2 14 50mg/L TCLP
Cadmium 7440-43-9 0.69 0.11 mg/L TCLP
Lead 7439-92-1 0.69 0.75mg/L TCLP
Mercury 7439-97-6 0.15 0.025 mg/L TCLP
K177
Antimony 7440-36-0 1.9 1.15mg/L TCLP
Arsenic 7440-38-2 14 5.0mg/L TCLP
Lead 7439-92-1 0.69 0.75mg/L TCLP
K178°
1,2,3,4,6,7,8-Heptachl orodibenzo-p-dioxin 35822-39-4 0.000035 or CMBST* 0.0025 mg/kg or CMBST*
1,2,3,4,6,7,8-Heptachlorodibenzofuran 67562-39-4 0.000035 or CMBST* 0.0025 mg/kg or CMBST*
1,2,3,4,7,8,9- Heptachlorodibenzofuran 55673-89-7 0.000035 or CMBST* 0.0025 mg/kg or CMBST*
HxCDDs (All Hexachlorodibenzo-p-dioxins) 34465-46-8 0.000063 or CMBST* 0.001 mg/kg or CMBST*
HxCDFs (All Hexachlorodibenzofurans) 55684-94-1 0.000063 or CMBST* 0.001 mg/kg or CMBST*
1,2,3,4,6,7,8,9-Octachlorodibenzo-p-dioxin 3268-87-9 0.000063 or CMBST* 0.005 mg/kg or CMBST*
(OCDD)
1,2,3,4,6,7,8,9-Octachl orodibenzofuran (OCDF) 39001-02-0 0.000063 or CMBST* 0.005 mg/kg or CMBST*
PeCDDs (All Pentachlorodibenzo-p-dioxins) 36088-22-9 0.000063 or CMBST* 0.001 mg/kg or CMBST*
PeCDFs (All Pentachlorodibenzofurans) 30402-15-4 0.000035 or CMBST* 0.001 mg/kg or CMBST*
TCDDs (All tetrachlorodi-benzo-p-dioxins) 41903-57-5 0.000063 or CMBST* 0.001 mg/kg or CMBST*
TCDFs (All tetrachlorodibenzofurans) 55722-27-5 0.000063 or CMBST* 0.001 mg/kg or CMBST*
Thalium 7440-28-0 14 020 mg/L TCLP
1 CAS means Chemical Abstract Services.
2 Concentration standards for wastewaters are expressed in mg/L and are based on analysis of composite samples.
3 All treatment standards expressed as a Technology Code or combination of Technology Codes are explained in detail in 40
CFR 268.42 Table 1-Technology Codes and Descriptions of Technology-Based Standards.
4 For these wastes, the definition of CMBST islimitedto: (1) combustion units operating under 40 CFR 266, (2) combustionunits
permitted under 40 CFR Part 264, Subpart O, or (3) combustion units operating under 40 CFR 265, Subpart O, which have
obtained a determination of equivaent treatment under 268.42(b).
5 EPA has decided to defer action in finalizing treatment standards for manganese at thistime.
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1.0 INTRODUCTION

RCRA Section3004(m) specifiesthat treatment standards must minimizelong- and short- term
threats to human health and the environment arising from land disposal of hazardous wastes. EPA’s
general approach for complying with this requirement was promulgated as part of the November 7,
1986 Solvents and Dioxinsrule. EPA has presented its guidance in establishing treatment standards
in the Final Best Demonstrated Available Technology (BDAT) Background Document for Quality
Assurance/Quality Control Procedures and Methodology, October 1991 (EPA, 1991).

EPA’ streatment standards for individual wastes are presented at 40 CFR 268.40. For agiven
waste, a treatment standard specifies (1) the concentration of each constituent in total or TCLP
analysis, or (2) atechnology which must be used for treating the waste. EPA establishes treatment
standards for wastewaters and nonwastewaters, aswell as any subgroupswhich may be appropriate
(e.g., “high mercury” or “low mercury” categories for D009 wastes). EPA has also established
universal treatment standards for underlying hazardous constituents; these are listed at 40 CFR
268.48.

EPA finalized Land Disposal Restriction (LDR) treatment standards based on the Best
Demonstrated Available Technology (BDAT) for the regul ation of listed hazardous wastesidentified
in 40 CFR 261.32 as K176, K177, and K178. These BDAT trestment standards are in accordance
with theamendmentsto the Resource Conservation and Recovery Act (RCRA) of 1976 enacted by the
Hazardous and Solid Waste Amendments (HSWA) of November 8, 1984. HSWA amended RCRA
to require EPA to promulgate treatment standards for awaste within 6 months after determining it is
hazardous [ Section 3004(g)(4)].

Compliance with the treatment standards is a prerequisite for land disposal, as defined in 40
CFR Part 268. In 40 CFR 268.44, EPA supplies provisions, that, if met, may justify granting a
variance fromthe applicable treatment standards. 1n 40 CFR 268.6, EPA supplies provisions, that,
if met, may justify granting waste- and site-specific waivers fromthe applicabl e treatment standards
in 268.40.
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The hazardous wastes K176, K177, and K178 are generated during production of inorganic
chemicals. These hazardous wastes are defined as follows:

. K176 — Baghousefiltersfromthe production of antimony oxide, includingfiltersfrom
the production of intermediates (e.g., antimony metal or crude antimony oxide).

. K177 — Slagfromthe productionof antimony oxide that i s specul atively accumul ated
or disposed, including slagfromthe production of intermediates (e.g., antimony metal
or crude antimony oxide).

. K178 — Residues from manufacturing and manufacturing-site storage of ferric

chloride from acids formed during the production of titanium dioxide using the
chloride-ilmenite process.

This background document provides EPA’ s rationale and technical support for developing
LDR treatment standards for hazardous wastes K176, K177, and K178.

11 Regulatory Background of Hazar dous Wastes from I norganic Chemicals |ndustry

Section 3001(e)(2) of RCRA requires EPA to determine whether to list as hazardous
‘inorganic chemical industry wastes (among other wastes unrelated to the inorganic chemical
industry). In 1989, the Environmental Defense Fund (EDF) sued EPA (EDF v. Reilly, Civ. No.
89-0598 D.D.C.) in part for failing to meet these statutory deadlines. EPA and EDF entered into a
consent decree, which has been amended several times to revise dates. The consent decree sets out
a series of deadlines for promulgating RCRA listing decisions, including a requirement to propose
ahazardous waste listing determination for inorganic chemical industry wastes. Thewastesspecified
in the consent decree relevant to inorganic chemicals production are as follows:

Sodium dichromate production wastes

Wastes from the dry process for manufacturing phosphoric acid
Phosphorous trichloride production wastes

Phosphorous pentasulfide production wastes

Wastes from the production of sodium phosphate from wet process phosphoric acid
Sodium chlorate production wastes

Antimony oxide production wastes

Cadmium pigments production wastes

Barium carbonate production wastes

Potassium dichromate production wastes

Phenyl mercuric acetate production wastes
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. Boric acid production wastes
. Inorganic hydrogen cyanide production wastes
. Titanium dioxide production wastes (except for chloride process waste solids).

The consent decree stipulates that listing decisions are not required for wastes already
excluded fromhazardous waste regulation under RCRA Section 3001(b)(3)(A)(ii). This section of
RCRA exempts solid waste from the extraction, beneficiation, and processing of ores and minerals,
as further defined by EPA in 40 CFR 261.4(b)(7).

Inthe past, EPA promulgated listings for ten different wastes fromthe production of inorganic
chemicals and inorganic pigments and established land disposal restrictions for these wastes. This

background document does not concern such wastes.

EPA’ sinvestigation of the wastes generated by the inorganic chemical industry included two
major information collection efforts. field investigations and survey evaluation. EPA’s field
investigations included engineering site visits, “familiarization sampling” (sample collection and
analysis to gain a preliminary understanding of the nature and concentration of constituents in the
wastes), and “record sampling” (sample collection and analysis to provide data to use in assessing
the potential risks posed by the wastes). The survey effort included (1) theidentification of facilities
potentially generating the wastes, and (2) the development, distribution, and assessment of an
extensive industry-wide RCRA Section 3007 survey. The bulk of the field investigation and survey

evaluation were conducted in 1999.

1.2  Approach Used for BDAT Standard Development

The LDR programis designed to protect human health and the environment by prohibiting the
land disposal of RCRA hazardous wastes unless specific treatment standards are met. In RCRA
Section 3004(m), Congress directed EPA to: “. . . promulgate . . . levels or methods of treatment . .
. whichsubstantially diminishthe toxicity of thewaste or . . . the likelihood of migration of hazardous
congtituents . . . so that short-term and long-term threats to human health and the environment are
minimized.” Key provisions of the LDR program requirethat: (1) treatment standards are met prior
to land disposal, (2) treatment is not evaded by long-term storage, (3) actua treatment occurs rather
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than dilution, (4) record keeping and tracking follow awaste from* cradleto grave” (i.e., generation
to disposal), and (5) certification verifies that the specified treatment standards have been met.

In developing the LDR treatment standards for these wastes, EPA adhered to the following
methodology. EPA first identified the hazardous constituents present in the wastes. In identifying
hazardous constituents, EPA considered the constituents that comprisethe basis of thelistings and al so
identified the presence of those other constituents near or in excess of current numerical universal
treatment standards. EPA previoudly investigated performance data for many of these constituents
through its development of universal treatment standards (UTS) at 40 CFR 268.48. EPA then
identified the Best Demonstrated Available Technology (BDAT) for the hazardous constituents present
in the listed wastes.

A universal trestment standard is a single concentration limit established for a specific
constituent regardless of the waste matrix in which it is present (i.e., the same treatment standard
applies to a particular congtituent in each waste code in which it is regulated). Universal treatment
standards represent a significant improvement in the LDR program. In the past, different listed
hazardous wastes may have had different concentration standards for the same constituent, which
raised significant compliance problems whenwastes with different standards for the same chemical
were comanaged. With theuniversal treatment standards, the variability in constituent concentrations
across listed hazardous waste treatment standards was eliminated. Now, when a mixture of listed
hazardous wastes is treated, the constituents must be treated to the same constituent concentration
standard regardless of the waste codes contained in the mixture.

EPA established two different sets of universal treatment standards: one for nonwastewater
forms of waste and one for wastewater forms of waste. These two sets differ in the population of
regulated constituents and the individual universal treatment standards. EPA initialy developed
universal treatment standards in 1994 for many inorganic and organic contaminants. Treatment
standards for some of these metal contaminants were subsequently revised (based onadditional data)
as part of the Phase IV final rule (63 FR 28556, May 26, 1998).

1.3  Contentsof This Document
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Section 2.0 of thisdocument describestheindustry and processes generati ngHazardous Waste
Nos. K176, K177, and K178, the basis for listing these inorganic chemical production wastes as
hazardous, and waste stream characteristics. Section 3.0 presents the constituents selected for
treatment standard devel opment for these wastes. Sections 4.0, 5.0, and 6.0 discuss devel opment of
the treatment standards for wastesK 176, K177, and K178, respectively. Each section discussesthe
treatment technologies EPA has designated as “applicable” and “demonstrated” for the waste,
identifiesBDAT for wastewater and nonwastewater forms of these wastes, and presents thetreatment
standards. References are listed in Section 7.0. Appendix A presents additional discussion on
treatment aternatives considered for K178.
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20 DESCRIPTION OF LISTED INORGANIC CHEMICAL PRODUCTION WASTES

21 Overview of Activities

The inorganic chemical productionindustry is not asingleindustry sector, but acollection of
dissimilar facilities producing a wide array of products. For the listing determination, EPA
considered onlythose facilities producing the inorganic chemicalsidentified in the introduction (i.e.,
resulting fromthe 14 processes identified inthe consent decree), which is a small subset of the many
facilities comprising the ‘inorganic chemicals' industry. A typical facility studied during the listing
determination uses just one of the 14 processes identified in the consent decree and may al so produce

chemicals outside the scope of the consent decree.

Following evaluation of the data, EPA is listing three wastes generated from two of these
sectors. Therefore, this sectionwill only discuss wastes generated from the following two sectors:

. Antimony oxide production wastes (discussed in Section 2.2)
. Titanium dioxide production wastes (discussed in Section 2.3)

EPA isnot listing any wastes from the remaining sectors identified in Section 1. They will not be
discussed further in this report.

EPA’ s principal data sourcesin collecting information regarding the industry, their products
and wastes, waste characteristics, and waste generation and management are as follows:

. A questionnaire devel oped under the authority of RCRA 3007 for distribution to the
inorganic chemicals production industry (for those facilities producing the products
described in the consent decree). EPA distributed the survey in Spring of 1999 to
collect data characterizing operations in 1998.

. EPA conducted engineering site visits at some of these facilities (from zero to two
facilities in each of the 14 sectors) to obtain more detailed information regarding
waste generation and management. EPA also collected familiarization samples at
some of thesefacilities to assess the effectiveness of the | aboratory anal ytical methods
for the consent decreewastes. Noneof thefamiliarization sampling dataare presented
inthisreport, for useeither intreatment standard devel opment or sel ecting constituents
for regulation, because the purpose of the data was not intended to quantitatively
characterize the wastes.

. EPA conducted record sampling activity at one to five facilities in each of five
sectors, including antimony oxide production and titanium dioxide production. The
record sampling results are the primary means EPA usesto evaluate the wastesfor its
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listing determinations and for characterizing constituents for its devel opment of land
disposal restrictions.

Inevaluating thewastesin Sections 2.2 and 2.3, analytical datarelevant to the waste groupings
used in the listing decision process are presented. The sample results are summarized according to
the maximum concentrationsfoundinatotal analysis, TCLP analysis, and SPLP analysis. Thisrefers
to the highest detected level. If a congtituent was not detected, then the highest detection limit is
presented. Therefore, the highest result from atotal analysismay not necessarily result from the same

sample as the highest TCLP analysis.

2.2  Antimony Oxide Production Wastes

The most significant use of antimony oxide is as a flame retardant component in plastics,
paints, textiles, and rubber (Kirk-Othmer, 1992). The U.S. antimony oxide production industry is
comprised of four facilities. EPA evaluated the wastes generated and listed as hazardous two of the
wastes. K176 (‘baghousefilters’) and K177 (‘slag’). Thebasisfor listing these wastesrelies on the
hazardous nature of the constituents in these wastes and further evaluation of the current waste
management practices. A short description of the processes generating the wastes is presented in
Section 2.2.1. Management methods for these wastes are presented in Section 2.2.2. Waste
characterization data are presented in Section 2.2.3.

2.2.1 Generation of Wastes from Antimony Oxide Production

Antimony oxide (Sh,Os) is awhite solid and typically produced and sold in thisformas a
flame retardant. Itisprepared using one of two techniques: thedirect combustion of metallic antimony
with oxygen, and the indirect process.

The direct methodinvol vesthe roasting of antimony oxide or sulfide oreinthe presence of air

(or oxygen). The chemical reaction is asfollows:
25h,S; + 90, O 2Sb,0; + 6S0,
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The antimony oxide is formed as a fume and cools and is condensed in a baghouse or similar dry
collectiondevice (Kirk-Othmer, 1992). Wastebaghousefilterscan begenerated intermittently aspart

of maintenance requirements.

In the indirect process, antimony metal is first produced in a reduction process from slags,
crude (low grade) antimony oxide, and similar feed material. The metd is volatilized and reacted
with oxygen in the vapor phase to produce the product. The antimony oxide cools, condensesand is
collected in adry collection device such as baghouse filters. The reaction is as follows:

4Sh + 30, O 2Sh,0s.

2.2.2 Existing Waste M anagement M ethods
The different management methods used for the two wastes are listed in Table 2-1. This
informationwas gathered fromthe 1999 surveys, fromvisits conducted at the two facilities, and from

telephone conversations with the additional facilities where record sampling was not conducted.

Table 2-1. Reported Management Methods for Antimony Oxide Production Wastes

Waste: Baghouse Filters (K176)

Off-site non-hazardous waste incineration

Subtitle D landfill

Offsite antimony recovery

Recycled (re-inserted) to on-site furnace for antimony recovery

Waste: Slag (K177)

Lead or antimony recovery

On-site drum storage accumulation prior to planned onsite land based storage
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2.2.3 Waste Characterization

Data Collection

EPA collected record samples of baghousefiltersat Laurel Industries(LaPorte, TX) and U.S.
Antimony (Thompson Falls, MT). Waste characterization data for baghouse filters (K176) are
presented in Tables2—2 and 2—-3. Waste characterization datafor slag (K177) arepresentedin Tables
2—4 and 2-5. These tables were constructed based on analysis of the following data:

. Laurel Industries, LaPorte, TX — EPA collected one record sample of baghouse
filters (K176). EPA collected one sample of dlag (K177), and afield duplicate.

. U.S. Antimony, Thompson Falls, MT — EPA collected two record samples of
baghousefilters (K176). One of thefilters was associated with the oxidation furnace
and the other filter was associated with the reduction furnace. EPA collected three
samples of reduction furnace lag. A sample of slag containing less than about five
percent antimony (as categorized by the facility) was collected; afield duplicate of
this sample; and a sample of dag containing between 5 and 10 percent antimony (as
categorized by the facility).

All of the wastes were analyzed for the following constituents and properties:

. Metals. A total of 23 metals were analyzed, including al 14 metals on the list of
universal treatment standards.

Hexavaent chromium.

pH.

Percent solids.

Specific gravity.

Toxicity Characteristic Leaching Procedure (TCLP), Method 1311 analyses for
metals.

. Synthetic Preci pitation L eaching Procedure (SPLP), Method 1312 analysesfor metals.

Waste characterization data for K176 and K177 are available only for metals. Therefore,
complete characterization of all UTScongtituentsinthiswaste (i.e., organics) isnotavailable. Based
onthe inorganic raw materials and the high temperatures of the waste generation process, however,

no additional constituents are expected to be present above nonwastewater UTS.

The specific gravity of the baghousefiltersranged from0.4 to 1.3 and the soli ds content ranged
from 76 to 94 percent. The specific gravity of the slagranged from2.6 to 4.8; its solids content was

close to 100 percent.
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Data Evaluation

Because the wastes are solids, evaluation of each waste was conducted using the
nonwastewater UTS values. Evaluation of the baghousefilters (K176) datain Table 2-2 showsthe
following:

. Arsenic and lead are present inthewaste abovetheir toxicity characteristic (TC) limit
when analyzed using the TCLP. The TC limitsfor arsenic and lead are 5 mg/L.

. Antimony, arsenic, cadmium, lead, and mercury exceed their nonwastewater UTS. No

other constituents were detected in TCLP anaysis.

A detailed, site-by-site evaluation for the above metals in K176 at each of the two sites
sampled are presented in Table 2-3 (i.e., Table 2—3 presents results for antimony, arsenic, cadmium,
lead, and mercury at each site). Table 2—3 shows that each site generates waste which exceeds UTS
for at |least three metals.

Evaluation of the dag data (K177) in Table 2—4 shows the following:

. Lead is present inthewaste aboveitstoxicity characteristic (TC) limit when anayzed
using the TCLP. The TC limit for lead is5 mg/L.

. Antimony and lead exceed their nonwastewater UTS.

. The maximum TCLP concentrations for arsenic and vanadium are within ¥z of their

respective UTSvalues(i.e., themaximumTCLP concentrationfor arsenicis 3.1 mg/L
TCLP comparedto its UTS of 5.0 mg/L TCLP; the maximum TCLP concentrationfor
vanadiumis 1.4 mg/L TCLP compared to its UTS of 1.6 mg/L TCLP). All other
constituents were well below their UTS or were not detected in TCLP analysis.

A detailed, site-by-site evaluation for the above metalsin K177 is presented in Table 2-5.
Thistableshowsthat both facilities generate waste with highlevel sof antimony (suchthat they exceed
UTS), but only one of the facilities generates waste with lead levels above UTS.

All data in Tables 2-2 to 2-5 are presented as wet weight. Because wet and dry weight
designations affect only total concentrations, and the nonwastewater UTSfor metals are expressed as
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mg/L TCLP, the presentation of data on a wet or dry basis is not significant for evaluating LDR

treatment standards for these wastes.

Table2—2. EPA Record Sampling Resultsfor K176

Maximum Maximum Maximum
UTSWW UTSNWW | Concentration | Concentration | Concentration
Constituent (mg/L) (mg/L TCLP) | (mg/kgTotal) | (mg/L TCLP) (mg/L SPLP)
Constituentswith UTS
Antimony 1.9 1.15 150,000 68.7 287
Arsenic 14 5.0 114 6.9 6.87
Barium 12 21 <250 <2 <2
Beryllium 0.82 1.22 <100 <0.02 <0.02
Cadmium 0.69 0.11 411 0.3 0.87
Chromium 2.77 0.60 <250 <0.05 <0.05
Chromium — — <0.02 0.2 <0.02
Lead 0.69 0.75 314 854 16.94
Mercury 0.15 0.025 95.2 0.026 0.37
Nickel 3.98 11 <250 <0.2 0.0114
Selenium 0.82 57 13 <0.5 0.144
Silver 0.43 0.14 61 <0.1 0.077
Thallium 14 0.20 <1000 <2 0.097
Vanadium 43 16 0.5 <0.05 <0.05
Zinc 2.61 4.3 3,440 <2 0.624
Constituentswithout UTS
Boron — — 24 6.5 101
Cacium — — 6,880 <2 221
Cobalt — — 0.8 <0.05 <0.05
Copper — — 270 <0.25 0.194
Iron — — 116 <1 0.081
Manganese — — 2.9 0.06 0.025
Potassium — — 216 <10 51
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Maximum Maximum Maximum
UTSWw UTSNWW Concentration | Concentration | Concentration
Constituent (mg/L) (mg/L TCLP) | (mg/kgTotal) | (mg/L TCLP) (mg/L SPLP)
Sodium — — 7,110 NA 244
Titanium — — <250 <0.05 <0.05

Maximum of samples from Laurel Industries La Porte, TX (L1-1-A0-03) and U.S. Antimony Thompson Falls, MT
(AC-1-A0-03 and AC-1-A0-07).

The sample resultsin this table are summarized according to the maximum concentrations found in atotal analysis,
TCLP analysis, and SPLP analysis. When possible, the highest detected level is shown. [f a constituent was not
detected in any samples, then the highest detection limit is presented. Therefore, the highest result from a total
analysis may not necessarily result from the same sample as the highest TCLP analysis.

A. Asshown in Table 2—3, these data points are all from a single site and is how the data were reported by the

laboratory.
NA: Not analyzed.

Shading indicates the TCL P concentration exceeds nonwastewater UTS.

Table 2-3. Characterization Data for Metals Exceeding UTSin K176

Maximum Maximum Maximum
UTSWW UTSNWW | Concentration | Concentration | Concentration

Constituent (mg/L) (mg/L TCLP) | (mg/kgTotal) | (mg/L TCLP) (mg/L SPLP)
Facility: U.S. Antimony. Maximum of two samples
Antimony 1.9 1.15 150,000 68.7 287
Arsenic 14 5.0 <250 6.9 6.87
Cadmium 0.69 0.11 411 0.3 0.87
Lead 0.69 0.75 <2500 2.8 0.98
Mercury 0.15 0.025 95.2 0.026 0.37
Facility: Laurel Industries. Single sample
Antimony 19 1.15 91,400 9.3 6.24
Arsenic 14 5.0 114 <0.5 0.58
Cadmium 0.69 0.11 5.3 0.3 0.47
Lead 0.69 0.75 314 8574 16.94
Mercury 0.15 0.025 0.9 <0.002 0.0011

Samplesfrom Laurel IndustriesLaPorte, TX (L1-1-A0-03) and U.S. Antimony Thompson Falls, MT (AC-1-A0-03

and AC-1-A0-07).

Shading indicates the TCLP concentration exceeds UTS.
A. The datawere reported by the laboratory in this manner, without qualification.

Table 2—4. EPA Record Sampling Resultsfor K177
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Maximum Maximum Maximum
UTSWW UTSNWW | Concentration | Concentration | Concentration
Constituent (mg/L) (mg/L TCLP) | (mg/kgTotal) | (mg/L TCLP) (mg/L SPLP)
Constituentswith UTS
Antimony 19 1.15 127,000 110 211
Arsenic 14 5.0 478 31 338
Barium 1.2 21 311 <2 0.14
Beryllium 0.82 122 0.6 <0.02 0.0034
Cadmium 0.69 0.11 15.7 <0.05 <0.005
Chromium 2.77 0.60 37.2 <0.05 <0.005
Chromium — — <0.02 0.04 <05
Lead 0.69 0.75 39,500 22.3 2.36
Mercury 0.15 0.025 <0.1 <0.002 0.0003
Nickel 3.98 11 488 0.5 0.027
Selenium 0.82 57 <250 0.8 0.55
Silver 0.43 0.14 465 <0.1 0.025
Thallium 14 0.20 38 <2 <0.005
Vanadium 4.3 16 10.8 14 12
Zinc 2.61 43 1,780 <3 0.056
Constituentswithout UTS
Boron — — 184 151 9.7
Cacium — — 9,000 20.1 45
Cobalt — — 55 <0.05 0.0072
Copper — — 4,610 6.3 0.29
Iron — — 14,800 8.8 29
Manganese — — 572 01 0.030
Potassium — — 2,310 90.5 87.6
Sodium — — 329,000 NA 13,800
Titanium — — 2,650 0.2 0.0063

Maximum of samples from Laurel

Thompson Fals, MT (AC-1-A0-01, AC-1-A0-05, and AC-1-AO-06).
The sample resultsin this table are summarized according to the maximum concentrations found in atotal analysis,
TCLP analysis, and SPLP analysis. When possible, the highest detected level is shown. If a constituent was not
detected in any samples, then the highest detection limit is presented. Therefore, the highest result from atotal
analysis may not necessarily result from the same sample as the highest TCLP analysis.

NA: Not analyzed.
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Shading indicates the TCL P concentration exceeds nonwastewater UTS.

Table2-5. Characterization Data for Metals Exceeding UTS (or Comparableto UTS) for

K177
Maximum Maximum Maximum
UTSwWw UTSNWW Concentration | Concentration | Concentration
Constituent (mg/L) (mg/L TCLP) | (mg/kgTotal) | (mg/L TCLP) (mg/L SPLP)

Facility: U.S. Antimony. Maximum of two samples of ‘low antimony’ (<5 %) sag

Antimony 19 1.15 19,600 88.4 114
Arsenic 14 5.0 349 23 2.93
Lead 0.69 0.75 219 <0.5 <0.005
Vanadium 4.3 1.6 <50 14 1.2

Facility: U.S. Antimony. Single record sample of ‘mid-antimony’ (5-10 %) slag

Antimony 1.9 1.15 127,000 110 211
Arsenic 14 5.0 478 31 338
Lead 0.69 0.75 491 <0.5 <0.005
Vanadium 4.3 16 <250 0.6 1.0

Facility: Laurel Industries. Maximum of two samples

Antimony 1.9 1.15 87,200 28.1 26.5
Arsenic 14 5.0 74.3 <0.5 0.028
Lead 0.69 0.75 39,500 22.3 2.36
Vanadium 4.3 1.6 10.8 <0.05 0.056

SamplesfromLaurel IndustriesLaPorte, TX (L1-1-A0-01andL 1-1-A0-07) andU.S. Antimony ThompsonFalls, MT
(AC-1-AO-01 and AC-1-A0O-05 representing ‘ dlag with <5% antimony,” and AC-1-A0-06 representing ‘ slag with 5-
10% antimony’).

Shading indicates the TCL P concentration exceeds nonwastewater UTS.

2.3  Titanium Dioxide Production Wastes

EPA anayzed data collected fromtitanium dioxide production facilities providing responses
to RCRA 3007 surveys and evaluated data from five such facilities where record sampling was
conducted. EPA listed as hazardous one waste: Residues from manufacturing of ferric chloride from

acids formed during the production of titanium dioxide using the chloride-ilmenite process (K178).
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A short description of the process generating the listed waste is presented in Section 2.3.1.
Waste characterization data are presented in Section 2.3.2.

2.3.1 Generation of Wastesfrom Titanium Dioxide Production

Titaniumdioxide (TiO,) isabright-white powder used predominately asapigment for paints,
rubber, paper, and plastics. Titanium dioxide is manufactured through either the sulfate, chloride, or
chloride-ilmenite process. Only one facility (the Edgemoor Delaware facility of E.I. DuPont de
Nemours and Company (DuPont)) using the chloride-ilmenite process generates K178.

The chloride-ilmenite process utilizes several stepsto convert alow-gradeilmenite to TiO..
Firgt, theilmenite oreis reacted with chlorine in the presence of coke asareducing agent; the chlorine
reacts with the iron oxide and other metals in the ilmenite ore to produce gaseous metal chloride
intermediates. Thegas, comprised of TiCl, and other volatilemetal compounds, is purified to remove
ore/coke solids, ferric chloride acid, and vanadium impurities. The purified titanium tetrachloride

is oxidized to form titanium dioxide, for sale asa dry solid or water-based slurry.

AttheDelawarefacility, ferric chlorideacidissold asabyproduct. Prior to sales, thefacility
adds chlorine to the acid stream, filtersthe acid to remove solids, and stores the ferric chloride acid
inasurfaceimpoundment. Thegenerated solidsare discharged to thefacility’ swastewater treatment
plant. Additionally, thetitanium dioxide production processgeneratesvariousother wastewatersand
wastestreams which are managed at the wastewater treatment plant. Sludge generated from the

treatment plant would be classified as K178 based on the facility’ s current process configuration.

2.3.2 Waste Characterization

Data Collection

EPA collected one record sample from the Edgemoor facility to characterize the wastewater

treatment plant solids (which containresiduesfromthe manufactureof ferric chloride). EPA’ srecord

sample was analyzed for the following constituents and properties:
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Metals. A total of 27 metals were analyzed, including all 14 metals on the list of
universal treatment standards.

Hexavaent chromium.

pH.

Percent solids.

Specific gravity.

Toxicity Characteristic Leaching Procedure (TCLP), SW-846 Method 1311 analyses
for metals.

Synthetic Precipitation Leaching Procedure (SPLP), SW-846 Method 1312 analyses
for metals.

. Dioxing/Furans, Method 1613B. Tota and SPLP analysis.
. Semivolatile organic compounds.

Datafor most underlying hazardous constituentswereavailable. Tables2—6to 2—-8 summarize

the EPA record sampling data.

Data Evaluation

Metals data are presented in Table 2—6. As shown, thallium exceeds UTS in the Edgemoor
sample. Table 2—7 summarizes the available organics data (for non-dioxin and furan constituents).

Almost all organic analytes were reported as not detected; the remaining were detected at levels
below nonwastewater UTS.

Table 2-8 shows that one dioxin/furan congener exceeds UTS at the Edgemoor facility.

Comparisons are made onadry basis to address commenter concerns fromthe chlorinated aliphatics

proposed rule that comparisons between waste concentrations and UTS be shown on adry basis.

Table 2-6. Record Sampling Data for K178: Metals

UTSWW UTSNWW | Concentration | Concentration | Concentration
Constituent (mg/L) (mg/L TCLP) | (mg/kgTotal) | (mg/L TCLP) (mg/L SPLP)
Constituentswith UTS
Antimony 19 1.15 0.9 <0.021 0.02
Arsenic 14 5.0 2.2 <0.0035 0.001
Barium 12 21 178 24 0.92
Beryllium 0.82 122 12 <0.00024 <0.002
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Table 2-6. Record Sampling Data for K178: Metals

UTSWW UTSNWW | Concentration | Concentration | Concentration
Constituent (mg/L) (mg/L TCLP) | (mg/kgTotal) | (mg/L TCLP) (mg/L SPLP)
Cadmium 0.69 0.11 0.6 <0.0013 <0.005
Chromium 2.77 0.60 777 <0.05 0.002
Chromium ©* — — <0.40 Not Analyzed <0.02
Lead 0.69 0.75 309 0.03 0.003
Mercury 0.15 0.025 <0.1 <0.002 <0.0002
Nickel 3.98 11 91.8 05 <0.005
Selenium 0.82 57 <0.5 <0.5 <0.005
Silver 0.43 0.14 <0.1 <0.1 <0.001
Thallium 14 0.20 3.7 0.28 0.012
Vanadium 43 16 240 0.0003 <0.005
Zinc 2.61 43 122 11 0.03
Constituentswithout UTS

Aluminum — — 10,100 <1 <0.1
Boron — — 30.0 17 0.61
Cacium — — 28,500 1,330 1,230
Cobalt — — 445 0.43 <0.005
Copper — — 285 0.014 0.003
Iron — — 91,600 348 0.18
Magnesium — — 3,140 61.3 334
Manganese — — 10,600 252 16.3
Molybdenum — — 74 0.026 0.005
Tin — — 53.2 0.025 <0.01
Titanium — — 6,380 <0.05 <0.005

EPA record sample DPE-SO-01 from DuPont (Edgemaoor, DE).
Source: EPA, Titanium Dioxide Listing Background Document for the Inorganic Chemical Listing Determination.

August 2000.

Shading indicates the TCL P concentration exceeds nonwastewater UTS.
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Table 2—7. Organics Data (non-Dioxin/Furan) Available for K178

Organic
Analyses Nonwastewater
Data Source Conducted Analyte Result uTts
DPE-SO-01 EPA | EPA SW-846 Hexachlorobenzene 1.7 mg/kg 10 mg/kg
record sample: Method
Edgemoor Iron- 8270C
Rich semivolatiles, Hexachlorobutadiene 0.53 mg/kg (J) 5.6 mg/kg
total

All constituents are reported on awet basis. The solids content of the Edgemoor sample is 42 percent. Evenif the
above datawere expressed on adry basis (i.e., dry concentrations 2 to 3 times greater than wet concentrationsin this
case), hone of the constituents would exceed UTS.

(J) Concentration estimated.

Table 2-8. Record Sampling Data for K178: Dioxins and Furans

UTSWW UTS NWW Maximum Concentration, Dry Basis
Constituent (ng/L) (ng/kg) (ng/kg Total) (ng/L SPLP)
Tota TetraCDDs 63 1,000 <0.95 <0.010
Total TetraCDFs 63 1,000 211 <0.010
Total Penta CDDs 63 1,000 <4.3 <0.051
Total Penta CDFs 35 1,000 336 <0.051
Total HexaCDDs 63 1,000 <4.3 <0.051
Tota HexaCDFs 63 1,000 688 <0.051
1,2,3,4,6,7,8-Hepta CDD 35 2,500 <4.3 <0.051
1,2,3,4,6,7,8-Hepta CDF 35 2,500 450 <0.051
1,2,3,4,7,8,9-Hepta CDF 35 2,500 300 <0.051
OctaCDD 63 5,000 53 <0.100
Octa CDF 63 5,000 58,100 <0.100

Sample DPE-SO-01 from DuPont (Edgemoor, DE). Dry basis. EPA datawere convertedfromwet basisby dividing
by the percent solids (42 percent).
Shading indicates the total concentration exceeds nonwastewater UTS.
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30 SELECTION OF CONSTITUENTSFOR REGULATION

This section presents the methodology and rationale for selecting constituents for regulation
in nonwastewater and wastewater forms of K176, K177, and K178. EPA has identified certain
condtituents for regulation in 40 CFR 268.40 for these wastes; establishing treatment standards for
these particular constituents will best ensure that risks from these wastes are minimized, as required
by RCRA Section3004(m). Constituentswere selected for regulation because they are present in the
wastes at high levels, relative to either of the following: (1) concentrations which would cause the
waste to exhibit risks exceeding EPA risk criteria(i.e., they are present asthebasisfor listing), or (2)
they are underlying hazardous constituents? i n concentrations above those known to be achievable by
available, well-operated technol ogies for reducing the toxicity of the waste (i.e., they are present in
the wastes above UTS). While many other constituents may be present in the wastes, EPA did not
develop treatment standards due to the following reasons:

. They are expected to be present inthe wastes at levels below those anticipated to be
achievable in awell-designed and applicable waste treatment unit. Development of
numerical treatment standardsfor such constituents would notresultinreduced toxicity
of thewaste, becausethe waste would likely meet the treatment standards even without
waste treatment.

. They are expected to be treated concurrently with other constituents. It iscommon for
asingle treatment technology to reduce the toxicity or mobility of many constituents.
Therefore, treatment standards promulgated for a small number of constituents would
necessarily result in the waste being effectively treated for other constituents not
targeted for regulation.

ThissectionidentifiesthosecongtituentsinK 176, K177, and K178 wastesfor whichtreatment
standards are being developed. Sections4, 5, and 6 (respectively) of thisreport describe applicable
and demonstrated technologies for effectively treating wastes for such constituents, and develops

appropriate numerical or technology-specific treatment standards for each of the wastes.

21n 40 CFR 268.2(i), EPA defines an underlying hazardous constituent as “any constituent listed in 40
CFR 268.48, Table UTS-Universal Treatment Standards, except fluoride, selenium, sulfides, vanadium, and zinc,
which can reasonably be expected to be present at the point of generation of the hazardous waste, at a
concentration above the constituent-specific UTS treatment standards.”
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Table 31 identifies constituents evaluated in this Section, for whichtreatment standards are
being finalized for K176, K177, and K78. The reasons for their selection are presented in Sections
3.1and 3.2

3.1 Constituents|dentified asthe Basesfor Listing

EPA selected K176 for regulation because these wastes routinely exhibit one or more of the
characteristics of hazardous waste for arsenic and lead. EPA selected K177 and K178 for regulation
because, inits risk assessment, EPA found that certain constituents pose unacceptabl e risks to human
health and the environment. The following constituents are included as the basis for listing these
wastes (i.e., included in 40 CFR Part 261 Appendix V1I):

. K176: exhibits ahazardous waste characteristic (i.e., toxicity characteristic (TC) for
arsenic and/or lead).

. K177: congtituent identified as abasis for listing is antimony.

. K178: constituent identified as basis for listing is thallium.

EPA isfinalizing treatment standardsfor each of these constituents in therespective wastes equival ent
to UTS.

3.2 Other Constituents Present in Wastes

EPA identified other underlying hazardous constituents in the wastes and identified those
present at levels higher than (or comparable to) universal treatment standards. As discussed in
Section 1, universal trestment standards were developed from waste trestment data representing
BDAT. Therefore, wasteswith high concentrations(relativeto UTS) of hazardous constituentsshould
be capabl e of being treated to lower contaminant levels. The results of thisanalysisareasfollows:

. For K176, waste concentrations of the following constituents exceed nonwastewater
UTS: antimony, arsenic, cadmium, lead, and mercury. All are underlying hazardous
congtituents as defined in 40 CFR 268.2(i). EPA is finalizing numerical treatment
standards for each of these constituents.

. For K177, waste concentrations of antimony and lead exceed nonwastewater UTS.
Concentrations of arsenic and vanadiumare within¥z of their UTS. EPA isfinalizing

32



treatment standards for antimony, lead, and arseni c because the three congtituents are
underlying hazardous congtituents as defined in 40 CFR  268.2(i).

Although concentrations of vanadiumare al so within ¥z of its UTS value, vanadiumis
not an underlying hazardous congtituents as defined in 40 CFR 268.2(i). For this
reason EPA’s treatment standards for K177 do not include vanadium.

For K178, waste concentrations of octachlorodibenzofuran exceed nonwastewater
UTS standards. EPA isfinalizing numerical treatment standards for al dioxin and
furan congeners (i.e., tetra through octa) for which UTS are currently promulgated.

EPA isfinalizing numerical trestment standardsfor thalliumbecauseitis thebasisfor

listing K178 and reduction of its mobility is required to meet RCRA Section
3004(m)(1). Thalliumisalso present aboveitsUTS.
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Table 3-1. Constituentsin K176, K177, and K178 Evaluated for Treatment Standards

Wasteand
Typical Form t

Constituen

Maximum Waste
Concentration

UTSfor Form of
Waste

Comment

K176 baghouse
filters

antimony

68.7 mg/L TCLP

1.15mg/L TCLP

constituent isa UHC that
exceedsUTS

(nonwastewater) )
arsenic

6.9mg/L TCLP

5.0mg/L TCLP

constituent isa UHC that
exceedsUTS

cadmium

0.3mg/L TCLP

0.11 mg/L TCLP

constituent isa UHC that
exceedsUTS

lead

85mg/L TCLP

0.75mg/L TCLP

constituent isa UHC that
exceedsUTS

mercury

0.026 mg/L TCLP*

0.025 mg/L TCLP

constituent isa UHC that
exceedsUTS

K177 slag
(nonwastewater)

antimony

110 mg/L TCLP

1.15mg/L TCLP

constituent is a basis for
listing and isa UHC that
exceedsUTS

arsenic

3.1mg/L TCLP

5.0mg/L TCLP

constituent isa UHC that
approachesUTS

22.3mg/L TCLP

0.75mg/L TCLP

constituent isa UHC that
exceedsUTS

K178 Titanium
dioxide residues
(nonwastewater)

manganese

252 mg/L TCLP

constituent was proposed as
basisfor listing; itisnot a
UHC. EPA isdeferring
actionin finalizing
treatment standards for
manganese.

thallium

0.28 mg/L TCLP

0.20 mg/L TCLP

constituent is a basis for
listing and isa UHC that
exceedsUTS

furans

dioxins and

UTS s exceeded for octachlorodibenzofuran.

This congenerisaUHC
that exceeds UTS.
Treatment standards were
promulgated for al dioxin
congeners because dioxins
and furans are frequently
found together ®

A. Thiswaste has less than 260 mg/kg total mercury and would meet the ‘low mercury’ subcategory.
B. Asdiscussed in Section 6, an aternative technology-specific treatment standard of combustion alsois being

promulgated for this waste.




40 TREATMENT STANDARD DEVELOPMENT FOR K176

EPA is required to set as treatment standards “. . . levels or methods of treatment, if any,
which substantially diminish the toxicity of the waste or substantially reduce the likelihood of
migration of hazardous constituents from the waste so that short-term and long-termthreats to human
health and the environment areminimized.” [RCRA Section 3004(m)(1)]. The constituentsidentified
by EPA as present in K176 wastes and requiring toxicity reduction were identified in Section 3.

To meset the requirements of the statute, EPA can set either technology-specific or numerical
treatment standards. This section develops the treatment standards for these constituents in
wastewater and nonwastewater forms of K176 to best meet the requirements of RCRA Section

3004(m). The section is organized in the following manner:

. Section 4.1 summarizes the results of Section 3 and provides an overview of the
treatment needs of the waste.
. Section 4.2 discusses wastewater forms of K176. Specifically, technologies

applicablefor treating the congtituents identified in the waste are discussed in Section
4.2.1. The technology or technologies identified as BDAT, and the treatment
standards, are then presented in Section 4.2.2.

. Section 4.3 discusses nonwastewater forms of K176. The format of the discussionis
similar to that for wastewater forms of K176.

41  Summary of Congtituents Selected for Regulation

As presented in Section 3, the following constituents were identified for treatment standards
in K176 wastes:

Antimony
Arsenic
Cadmium
Lead
Mercury.

This section identifies technol ogies appropriate for reducing the toxicity of these metal contaminants
in K176 wastes.
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4.2 Wastewater Formsof K176

Asdiscussed in Section 2, the K176 waste, baghouse filters, is a cloth (solid) material with
inorganic contaminants. The technologies listed here are expected to be applicable to wastewater

forms of K176, in the event that such wastes are generated.

4.2.1 Applicableand Demonstrated Technologiesfor Treating Metals

To be applicable, atechnology must theoretically be usable to treat the waste in question or
a waste that is similar, in terms of parameters that affect treatment selection (EPA, 1994b).
Applicable technologies for treating metals are those that remove, or transfer, metas from the
wastewater to a nonwastewater media, such asadudge. The technologies listed in this section are
applicable and have been demonstrated to treat metal constituents in wastewater forms of other
hazardous wastes. EPA (1994b) presents a thorough discussion of these technologies. The

technol ogies applicable to wastewater forms of K176 include:

. Biological treatment (including activated sludge, aerobic lagoon, rotating biological
contactor, and trickling filter technol ogies)

. Chemically assisted clarification treatment (including chemical precipitation
technology)

. Chemical oxidation

. PACT® treatment

. Chemical reductiontreatment (including chemical reductionor precipitationfollowed
by sedimentation and filtration technol ogies)

. Electrochemical treatment

. Lime, sedimentation, and filtration treatment.
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Biological Treatment

Biological treatment is a destruction technology that biodegrades hazardous organic
congtituents inwastewaters. Thistechnology isapplicable to wastewatersthat contain metalsin low
concentrations, where the contaminant becomes bound in the biosludge. Thistechnology generates
two treatment residuals. a treated effluent and a waste biosludge.

Chemically Assisted Clarification Treatment

Chemically assisted clarification, including chemical precipitation, isaseparationtechnology
that removes organic and inorganic congtituents from wastewater by the addition of chemicals that
cause the formation of precipitates. The solids formed are then separated from the wastewater by
settling, clarification, and/or polishing filtration. Thistechnology generatestwo treatment residuals:
treated wastewater effluent and separated solid precipitate.

Chemical Oxidation

Chemical oxidation is a destruction technology that oxidizes inorganic cyanide, some
dissolved organic compounds, and sulfidesto yield carbondioxi de, water, salts, smpleorganic acids,
and sulfates. This technology generates one treatment residual; treated effluent. Metals can be
removed through subsequent precipitation.

PACT® Treatment

PACT® treatment combines carbon adsorption and biological treatment to biodegrade
hazardous organic constituents and selectively adsorb them onto powdered activated carbon. This
technology generates two treatment residuals. atreated effluent and spent carbon/biosludge. The
spent carbon is often regenerated and recycled to the process or incinerated. Metal congtituents may

also adsorb on the carbon/biosludge.
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Chemical Reduction Treatment

Chemical reduction treatment reduces metal congtituents from a higher oxidation state to a
lower oxidationstate, and subsequently removesthe contaminants from thewastewater using chemical
preci pitationand subsequent sedimentationand/or filtration. Thistechnology generatestwo treatment
residuals: atreated effluent and a settled or filtered solid containing the precipitated metal.

Electrochemical Treatment

Electrochemical treatmentisatechnology inwhichdirect current isappliedtoironelectrodes
submerged in the wastewater, generating ferrousions. Metal constituents are removed by adsorbing
and coprecipitating withininsoluble ferrousion matrices. These matrices settle out of solution using
chemically assisted clarification (described above). This technology produces two treatment
residuals: atreated effluent and a settled solid containing the precipitated metal.

Lime, Sedimentation and Filtration Treatment

As a separation technology, this treatment mixes wastewaters with lime (primarily calcium
oxide) which produces an insoluble metal oxide which settles out of solution. The wastewater is
filtered to remove the precipitated material. This treatment technology produces two residuals: a

treated effluent and afilter cake containing lime and metals oxides.

4.2.2 |dentification of BDAT and Treatment Standardsfor Wastewater Forms of K176

EPA determines BDAT for individual constituents, and wastes, uponreview of all available
performance data for wastes identical or similar to the waste of concern (EPA, 1994b). Once the
applicable and demonstrated trestment technologies are identified for the particular waste,
performancedata are examinedto identify the* best” performing technologies. Thesecriteriainclude:

. Whether the data represent the operation of a well-designed and well-operated
trestment system;

. Whether sufficient analytical quality assurance/quality control measureswereusedto
ensure the accuracy of the data; and
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. Whether the appropriate measure of performance was used to assess the performance
of the particular treatment technology.

Oncethisisdetermined, EPA decideswherethe best demonstrated technology is“ available.”
EPA defines an available technology as one that (EPA, 1994b):

. Is not a proprietary or patented process and can be purchased or licensed from the
proprietor, and

. Substantially diminishes the waste’ s toxicity or substantially reduces the likelihood
that hazardous contaminants will migrate from the waste.

BDAT for Metals

EPA determined the BDAT for the five metal constituents requiring treatment in wastewater
forms of K176 in its development of UTS. In developing UTS for antimony, arsenic, and mercury,
EPA identified the appropriate BDAT as lime addition followed by sedimentation followed by
filtration. In developing UTS for cadmium and lead, EPA identified the appropriate BDAT as
chemical precipitation followed by sedimentation (EPA, 1994b).

BDAT for Wastewater Forms of K176: Conclusion

TwotechnologieswereidentifiedasBDAT intreating individual componentspresent in K176
wastes. These technologies included the treatment train consisting of lime addition followed by
sedimentation followed by filtration; and the treatment train consisting of chemical precipitation
followed by sedimentation. These technologies are similar, however, because each involves the
formation of arelatively insoluble metal compound as a precipitate (inthe case of lime addition, the
metals precipitate as oxides or hydroxides in a calcium matrix).

EPA (1994b) presents trestment data using various technologies for the five metal s discussed
in this section, including the two technologies listed above. These technologies can be used in
achieving levels of treated effluent below the UTS for the specified metal. A summary of these data
are presented in Table 4-1. While data are not available for each metal in each treatment train, the
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data show that, in several cases, different types of treatment can achieve levels of treated effluent

below UTS.

Table4-1. Treatment Technologies Appropriate for Metalsin K176 Wastewaters

Maximum Influent | Effluent UTS
Concentration, Concentration, (Wastewater),
Metal Technology mg/L mg/L mg/L
Antimony L+Sed+Fil 85 0.47 19
ChPt+Sed Datanot available
Arsenic L +Sed+Fil 42 0.34 14
Chred/Pt+Sed+Fil | 3.0 0.18
Cadmium L+Sed+Fil 23 0.049 0.69
ChPt+Sed Datanot available 0.13
Lead L+Sed+Fil 29.2 0.08 0.69
ChPt+Sed Datanot available 0.20
Mercury L+Sed+Fil Datanot available 0.036 0.15
ChPt+Sed Datanot available

Source: EPA, 1994b.

L+Sed+Fil: lime addition followed by sedimentation followed by filtration

ChPt+Sed: chemical precipitation followed by sedimentation

Chred/Pt+F+Sed: Chemical reduction/precipitation followed by sedimentation and filtration.

EPA (1994b) does not present treatment data for constituents that appear together inthe same
waste (i.e., itis not possible to identify wastes where antimony, arsenic, cadmium, lead, and mercury
are present together). However, the above data indicate that treatment is possible using a single
treatment train, consisting of either lime addition followed by sedimentation followed by filtration;
The

effectiveness of treatment isinfluenced by waste-specific factors such as contaminant concentrations

or the treatment train consisting of chemical precipitation followed by sedimentation.

in the waste, and other non-toxic contaminants present (e.g., organic matter). Because EPA hasno
examples of wastewater forms of K176 that would be generated, the effectiveness of these treatment
technologies cannot be further assessed. Nevertheless, EPA anticipates that effective treatment is

possible using either of these two treatment trains.

Treatment Sandards



EPA isfinalizing numerical treatment standards for five constituents in wastewater forms of
K176 equivalent to UTS. Universal treatment standards have previously been promulgated for all of
these constituents. These standards are identified below:

Antimony: 1.9 mg/L
Arsenic: 1.4 mg/L
Cadmium: 0.69 mg/L
Lead: 0.69 mg/L
Mercury: 0.15 mg/L

EPA expects the treatment technol ogies previously described to resultin treated effluent with
contaminant concentrations lower thanthe numerical treatment standards. Since numerical trestment
levelsarefinalized for wastewater forms of K 176, the use of any technology (other thanimpermissible
dilution) isallowed in complying with the treatment standards. Therefore, facilities are not required
to use the treatment technologies identified in Table 4-1 to manage wastewater forms of K176 and

may find they can use an dternative treatment train to meet the numerical treatment standards.

4.3 Nonwastewater Forms of K176

4.3.1 Applicableand Demonstrated Technologiesfor Treating Metals

Applicable treatment technol ogies for metalsincludethosethatimmobilize or reducethe total
amount of metal condtituents in a waste. The technologies listed in this section are applicable and
have beendemonstrated to treat metal constituentsinnonwastewater forms of other hazardous wastes.
These technol ogies are commonly used to treat wastes which contain the metal constituents regul ated
by universal treatment standards. EPA (1988a; 1990; 1994a) presents athorough discussion of these
technologies. The technol ogies applicable to wastes with the physical and chemical characteristics
of K176 include:

Acid Leaching

Vitrification

Stabilization

Pyrometallurgical recovery process (high temperature metals recovery)
Hydrometallurgical recovery processes

Recycling
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Mercury has been identified as a constituent requiring treatment in this waste. However, its
concentrationislow (<260 mgkg) suchthat mercury recovery isnotanapplicabletechnology for this
waste.

Acid Leaching

Acid leaching is a process that removes soluble constituents from an insoluble matrix by
contact with astrongly acidic solution. The soluble contaminant ismore solublein an acidic solution
and will be transferred to the acid phase. The solids are separated from the liquid (e.g., using
filtration or equipment design). This treatment process generatestwo residuals: atreated solid and

an acidic, metal-laden liquid which requires additional treatment or recovery.

Vitrification

Glass vitrification and dlag vitrification are high temperature stabilization technologies that
are applicable for treatment of arsenic-containing wastes. In either type of vitrification process, the
waste is blended with lime, soda ash, silica, and other glass making ingredients (such that the ending
volume is greater thantheinitial waste volume). Material isfed to afurnace containing molten glass,
so that organicsin the waste are vaporized (or destroyed) and metals are dissolved. Volatile metals
(such as arsenic compounds) condense within the furnace. The glassis removed and cooled. The

process generates a single solid waste treatment residual.

Stabilization

Stabilization is a broad class of treatment technologies that reduces the mobility of metal
congtituents inawaste; the metals are chemically bound into a solid matrix that resists leaching when
water or amild acid solution comesinto contact with the waste material. Organic materials usually
are not stabilized effectively and may, infact, inhibit the stabilization of metals. Hence, stabilization

is applicable to nonwastewaters only after the organics have been removed by other treatment.

Pyrometallurgical Recovery Processes (High Temperature Metals Recovery)
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Pyrometallurgical recovery processes are those treatment technol ogies that use physical and
chemical reactions at el evated temperaturesfor extraction/separation of metals, ores, salts, and other
materials. For the purposes of the Land Disposal Restrictions Program, pyrometallurgical processes
arereferred to as High Temperature Metals Recovery (HTMR). Some examples of HTMR systems
include rotary kilns, flame reactors, electric furnaces, plasma arc furnaces, slag reactors, and rotary
hearth/electric furnaces. Thesethermal reduction processes use carbon, limestone, and silica (sand)
as raw materials. The carbon acts as a reducing agent and reacts with metal oxides in a high
temperature processing unit (e.g., kiln, furnace) to produce carbon dioxide and a free metal. This

process yields ametal product for reuse and reduces the concentration of metalsin the residuals.

Hydrometallurgical Recovery Processes

Hydrometallurgical recovery processes extract and recover materials by using acidic
solutions. These processes are most effective with wastes containing high concentrations of metals
that are solublein a strong acid solution or that can be converted by reaction with astrong acid to a
soluble form.  Some hydrometallurgical processes include chemical precipitation, leaching, ion

exchange, solvent extraction, and el ectrowinning.

EPA is aware that some facilities are using a series of technologies, including chemical
precipitation, ion exchange, and el ectrowinning, to recover metalsfromvarious metal-bearing waste
streams (i.e., not necessarily K176, K177, or K178 wastes). Some of thesefacilities claim that these
hydrometallurgical processes, unlike other processes, generate no residuals for land disposal.

Recycling

For some metal-bearing wastes, recycling may be an applicable technology. For example, as
identifiedin Section 2, both baghousefilters (K176 waste) and slag (K177 waste) are recycled onsite
in the antimony oxide production furnace, or sent offsite for a similar use. Therefore recycling is
demonstrated for these wastes. Such practices facilitate the recovery of metals while reducing or
eliminating the material designated for land disposal.
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4.3.2 Ildentification of BDAT and Treatment Standards for Nonwastewater Forms of K176

BDAT for Metals

In the development of UTSin1994 and later as part of the Phase 1V final rulein 1998, EPA
identified different BDATsfor antimony, arsenic, cadmium, lead, and mercury. These technologies
are asfollows:

Antimony: Stabilization or high temperature metalsreclamation (HTMR) (Phase 1V)
Arsenic: Slag vitrification (EPA, 1994a)

Cadmium: HTMR (Phase 1V)

Lead: Stabilization (Phase 1V)

Mercury: acid leaching (EPA, 19944).

BDAT for Nonwastewater Forms of K176: Conclusion

EPA hasidentified recycling asapplicabl e and demonstrated for K176 wastes, and someK 176
wastes are already managed in this manner (see Table 2-1). Whileinthiscase EPA encouragesthe
continuation of this practice, EPA recognizes that some wastes (particularly ‘ derived-
from’ wastes) may not be amenable to recycling. Therefore EPA is applying the above, previousy
identified BDAT to the individual metals present in K176 wastes.

It is expected to bedifficult and impractical to construct a treatment train incorporating each
of the above technologies of acid leaching, vitrification, stabilization, and high temperature metals
recovery. For example, during vitrification the arsenic remains in the waste, while during HTMR
volatile metals such as arsenic and mercury are removed. Therefore, EPA expects that the actual
treatment employed will depend onthe concentration of metals present in the generated wastes. For
example, if the content of arsenic is relatively low, then it would be unlikely to present treatment

difficulties during an aternative treatment process.

Table 4-2 shows available treatment data for these five metals usng various treatment
technologies. The maximum concentration of the contaminant present in K176 wastesis aso shown,
for comparison (these data are from Section 2 of this report). These technologies can be used in
achieving levels of treated wastes below the UTS for the specified metal. While data are not
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available for each metal in each treatment train, the data show that, in several cases, a variety of
treatment technologies can achieve levelsin treated wastes below UTS.

Table 4-2 shows that stabilization can be used to treat wastesto below UTS, for wasteswith
similar concentrations of arsenic, cadmium, lead, and mercury as found in K176 wastes. Inthecase
of antimony, however, EPA’s available treatment performance data (for any technology) do not
includeany wasteswith suchhighinitial levels of antimony. Nevertheless, the physical and chemical
characteristics of K176 wastes are similar to other wastes that have successfully been treated with
stabilization. In conclusion, EPA anticipates that stabilization is BDAT for this waste, although
performance data for wastes with high levels of antimony are not available.
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Table 4-2. Treatment Technologies Appropriate for Metalsin K176 Nonwastewaters

Maximum Corresponding | UTS
Maximum K176 Untreated Treated (Nonwaste-
Waste Concentration, | Concentration, | water), mg/L
Metal Concentration Technology mg/L TCLP mg/L TCLP TCLP
Antimony 69 mg/L TCLP, Stabilization* 16.1 0.038 1.15
150,000 ppm total
HTMR® —B 0.85
Arsenic 6.9 mg/L TCLP, Vitrification© | —¢ 1.8°¢ 5.0
114 ppm total o - o
Stabilization© | Significant variability in results®
Stabilization® | 33.1 0.32
Cadmium 0.3mg/L TCLP, Stabilization® | 1220 0.082 0.11
411 ppm total
HTMR® —B <0.06
Lead 8.5mg/L TCLP, Stabilization® | 1280 0.65 0.75
3.1 ppm total
Mercury 0.026 mg/L TCLP, | Stabilization® | 0.11 <0.05 0.025
95 ppm total ) ]
Acid leaching® | 20 0.002 or less

Performance data showing effective treatment of constituentswithinitial concentrations similar to or greater than
levelsin K176 wastes are highlighted. Shading indicates cases where metals are treated to below UTS, from initial
levels comparable to or higher than those found in K176.

Only performance data resulting in treated waste with levels below UTS are presented in this table.

Sources:

A. PhaselV Rule (March 10, 1997 Memorandum from H. Finkel (ICF) to A. Cummings (EPA).

B. Final Best Demonstrated Available Technology (BDAT) Background Document for KO61, August1988 (EPA,
1988b). Antimony levelsin untreatedwasteare givenas 100 ppm (or less) total. Cadmium levelsin untreated waste
are given as 860 ppm or less. Leachate dataare given asmg/L TCLP.

C. Final Best Demonstrated Available Technology (BDAT) Background Document for K031, K084, K101, K102,
Characteristic Arsenic Wastes (D004), Characteristic Selenium Wastes (D010), and P and U Wastes Containing
Arsenicand SeleniumListing Constituents. Leachate dataare given asmg/L Extraction Procedure (EP). Total arsenic
level in treated waste is given as 24 percent.

D. Final Best Demonstrated Available Technology (BDAT) Background Document for KO71. August 1988 (EPA,
1988a).

Treatment Sandards

EPA isfinalizing numerical treatment standards for five constituents in nonwastewater forms
of K176 equivaent to UTS. Universal treatment standards have previously been promulgated for al
of these constituents, as follows:

. Antimony: 1.15 mg/L TCLP
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Arsenic: 5.0 mg/L TCLP
Cadmium: 0.11 mg/L TCLP
Lead: 0.75 mg/L TCLP
Mercury: 0.025 mg/L TCLP

Since numerical treatment levels are finalized for nonwastewater forms of K176, the use of
any technology (other than impermissible dilution) is allowed in complying with the treatment
standards. Therefore, facilities are not required to use the treatment technologiesidentified in Table

4-2 to manage nonwastewater forms of K176, and may find they can use an alternative treatment train
to meet the numerical treatment standards.
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5.0 TREATMENT STANDARD DEVELOPMENT FOR K177

This section is organized in asimilar fashion as Chapter 4, as follows:

. Section 5.1 summarizes the results of Section 3 and provides an overview of the
treatment needs of the waste.
. Section 5.2 discusses wastewater forms of K177. Specifically, technologies

applicablefor treating the constituents identified in the waste are discussed in Section
5.2.1. Thetechnology or technologiesidentifiedasBDAT and thetreatment standards
are presented in Section 5.2.2.

. Section 5.3 discusses nonwastewater forms of K177. Theformat of the discussionis
similar to that for wastewater forms of K177.

51 Summary of Constituents Selected for Requlation

As presented in Section 3, the following constituents were identified for treatment standards
for K177:

. Antimony
. Arsenic
. Lead

This sectionidentifies technol ogies appropriate for reducing the toxicity of these metal contaminants
in K177 wastes.

5.2 Wastewater Formsof K177

Asdiscussed in Section 2, K177 is a solid and would normally be required to meet treatment
standards applicable to nonwastewaters. The technologieslisted here are expected to be applicable

to wastewater forms of K177, in the event that such wastes are generated.
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5.2.1 Applicableand Demonstrated Technologiesfor Treating Metals

The contaminantsidentified in K177 are asubset of thoseidentified for K176. Therefore, all
technologies discussed in Section 4.2.1 as applicable and demonstrated for treating metals in
wastewater forms of K176 can be applied to metal s treatment in wastewater forms of K177 aswell.

5.2.2 |dentification of BDAT and Treatment Standards for Wastewater Forms of K177

BDAT for Metals

EPA determined the BDAT for the three meta constituents requiring treatment in wastewater
forms of K177 in its development of UTS. In developing UTS for antimony and arsenic, EPA
identified the appropriate BDAT as lime addition followed by sedimentation followed by filtration.
Indeveloping UTSfor lead, EPA identified theappropriate BDAT aschemical precipitationfollowed
by sedimentation (EPA, 1994b).

BDAT for Wastewater Forms of K177: Conclusion

TwotechnologieswereidentifiedasBDAT intreating individua componentspresentin K177
wastes. These technologies included the treatment train consisting of lime addition followed by
sedimentation followed by filtration; and the treatment train consisting of chemical precipitation
followed by sedimentation. These technologies are similar, however, because each involves the
formation of arelatively insoluble metal compound as aprecipitate (inthe case of limeaddition, the
metals precipitate as oxides or hydroxides in a calcium matrix).

Section 4.2.2 presented treatment performance data for contaminantsin K176 wastes (these
contaminants included antimony, arsenic, and lead). These data indicate that treatment is possible
using asingletreatment train, consisting of either lime addition followed by sedimentationfollowed
by filtration; or the treatment train consisting of chemical precipitation followed by sedimentation.
The effectiveness of treatment is influenced by waste-specific factors such as contaminant

concentrations in the waste, and other non-toxic contaminants present (e.g., organic matter). Because

52



EPA has no examplesof wastewater forms of K177 thatwoul d be generated, the effecti veness of these
treatment technol ogies cannot be further assessed.

Treatment Sandards

EPA isfinalizing numerical treatment standardsfor three constituents in wastewater forms of
K177 wastes, equivalent to UTS. Universal treatment standards have previoudy been promulgated
for al of these constituents. These standards are identified below:

. Antimony: 1.9 mg/L
. Arsenic: 1.4 mg/L
. Lead: 0.69 mg/L.

EPA expects the treatment train previously described to result in treated effluent with
contaminant concentrations lower thanthe numerical treatment standards. Since numerical trestment
levelsarefinalized for wastewater forms of K177, the use of any technology (other thanimpermissible
dilution) isallowed in complying with the treatment standards. Therefore, facilities are not required
to use the treatment technol ogies discussed above to manage wastewater forms of K177, and may find

they can use an aternative treatment train to meet the numerical treatment standards.

5.3 Nonwastewater Forms of K177

5.3.1 Applicableand Demonstrated Technologiesfor Treating Metals

The contaminants identified in K177 are a subset of thoseidentified for K176. Therefore, all
technologies discussed in Section 4.3.1 as applicable and demonstrated for treating metals in
nonwastewater forms of K176 can be applied to metals treatment in nonwastewater forms of K177
aswell.

5.3.2 Identification of BDAT and Treatment Standards for Nonwastewater Forms of K177

As identified in Section 4.3.2, EPA identified that stabilization or HTMR was capable of
meeting UTS for antimony (based on data fromthe 1998 Phase IV rule); vitrification was BDAT for
arsenic, and stabilization was capable of meeting BDAT for lead. Available performance data for
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these contaminants are shownin Table 5-1 to compare with the respective levelsin untreated K177
waste.

Table5-1. Treatment Technologies Appropriate for Metalsin K177 Nonwastewater s

Maximum Corresponding
Maximum K177 Untreated Treated uTsS
Waste Concentration, | Concentration, | (Nonwastewater)
Metal Concentration Technology mg/L TCLP mg/L TCLP ,mg/L TCLP
Antimony | 110 mg/L TCLP, Stabilization”® | 16.1 0.038 1.15
127,000 ppm total
HTMR® — B 0.85
Arsenic 3.1 mg/L TCLP, Vitrification© | —°¢ 1.8°¢ 5.0
478 ppm total o - o
Stabilization© | Significant variability in results®
Stabilization® | 33.1 0.32
Lead 22.3mg/L TCLP, | Stabilization® | 1280 0.65 0.75
39,500 ppm total

Only performance dataresulting in treated waste with levels below UTS are presented in this table.

Performance data showing effective treatment of constituents with initial concentrations similar to or greater than
levelsin K176 wastes are highlighted.

Sources:

A. PhaselV Rule (March 10, 1997 Memorandum from H. Finkel (ICF) to A. Cummings (EPA).

B. Fina Best Demonstrated Available Technology (BDAT) Background Document for K061, August 1988 (EPA,
1988b). Antimony levelsin untreated waste are given as 100 ppm (or less) total. Leachate data are given as mg/L
TCLP.

C. Fina Best Demonstrated Available Technology (BDAT) Background Document for KO31, K084, K101, K102,
Characteristic Arsenic Wastes (D004), Characteristic Selenium Wastes (D010), and P and U Wastes Containing
Arsenic and Selenium Listing Constituents. L eachatedataare given asmg/L Extraction Procedure (EP). Total arsenic
level in treated waste is given as 24 percent.

The treatment performance data in Table 5-1 demonstrate that arsenic and lead can be
effectively treated using stabilization, based on data for similar wastes with arsenic and lead
concentrations higher than those found in K177 wastes. However, there are no similar available
performancedatafor antimony inwasteswith comparablelevel sinuntreated wastes. EPA anticipates
that stabilization will result in levels of arsenic and lead to below UTS, with uncertainty regarding
the performance for antimony.

EPA isfinalizing numerical treatment standardsfor three constituentsinnonwastewater forms
of K177 equivalent to UTS. Universa treatment standards have previously been promulgated for
these constituents, as follows:



. Antimony: 1.15mg/L TCLP
. Arsenic: 5.0 mg/L TCLP
. Lead: 0.75 mg/L TCLP.

Since numerical treatment levels are finalized for nonwastewater forms of K177, the use of
any technology (other than impermissible dilution) is allowed in complying with the treatment
standards. Therefore, facilities are not required to use the treatment technologiesidentified in Table
5-1 to manage nonwastewater forms of K177, and may find they can use an alternative treatment
method to meet the numerical trestment standards.
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6.0 TREATMENT STANDARD DEVELOPMENT FOR K178

This section is organized in asimilar fashion as Chapter 4, as follows:

. Section 6.1 summarizes the results of Section 3 with regard to K178 wastes and
provides an overview of the treatment needs of the waste.

. Section 6.2 discusses wastewater forms of K178. Specifically, technologies
applicable for treating the metal constituents identified in the waste are discussed in
Section6.2.1. Technologiesapplicablefor treating thedioxin and furan congenersare
discussed in Section 6.2.2. The technology or technologies identified as BDAT and
the treatment standards are presented in Section 6.2.3.

. Section 6.3 discusses nonwastewater forms of K178. Theformat of the discussionis
similar to that for wastewater forms of K178.

6.1 Summary of Constituents Selected for Requlation

As presented in Section 3, the following constituents were identified for treatment standards
in K178 wastes:

. Thallium
. The following chlorinated dibenzo-p-dioxins (CDDs) and dibenzo-p-furans (CDFs):
- 1,2,3,4,6,7,8-Heptachl orodibenzo-p-dioxin
- 1,2,3,4,6,7,8-Heptachl orodibenzofuran
- 1,2,3,4,7,8,9- Heptachl orodibenzofuran
- HxCDDs (All Hexachl orodibenzo-p-dioxins)
- HxCDFs (All Hexachlorodibenzofurans)
- 1,2,3,4,6,7,8,9-Octachl orodibenzo-p-dioxin (OCDD)
- 1,2,3,4,6,7,8,9-Octachl orodibenzofuran (OCDF)
- PeCDDs (All Pentachlorodibenzo-p-dioxins)
- PeCDFs (All Pentachlorodibenzofurans)
- TCDDs (All tetrachlorodi-benzo-p-dioxins)
- TCDFs (All tetrachlorodibenzofurans)

EPA proposed treatment standards for manganesein K178 wastes. EPA is deferring final action on

manganese trestment standards. See section |V .b. of the preambleto thefinal rulefor adiscussion of

EPA’ s decision to defer final action on manganese-related elements of the proposed rule.
6.2 Wastewater Formsof K178

AsdiscussedinSection2, K178istypically generated asanonwastewater. Wastewater forms
of treatment residuals may be generated, requiring additional treatment for compliance with LDR
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treatment standards. Thetechnologieslisted here are expected to be applicable to wastewater forms
of K178 (if generated).

6.2.1 Applicable and Demonstrated Technologiesfor Treating Metals

In general, the technologies described for treating metals in K176 would be applicable to
treating metals in wastewater forms of K178. These technologies are described in Section 4.2.1.

6.2.2 Applicableand Demonstrated Technologiesfor Treating Dioxinsand Furans

To be applicable, atechnology must theoretically be usable to treat the waste in question or
awastethatissimilar, interms of parametersthat affect treatment selection (EPA, 1994b). Ingenerd,
technologies applicable to the treatment of organic compounds are applicable to dioxin/furan
compounds. EPA (1994b) presents a thorough discussion of the following technologies which are

applicableand have beendemonstrated to treat dioxing/furansinwastewater forms of other hazardous

wastes:

. Biological treatment (including aerobic fixed film, aerobic lagoon, activated sludge,
anaerobic fixed film, rotating biological contactor, sequential batch reactor, and
trickling filter technologies)

. Carbonadsorptiontreatment (including activated carbonand granular activated carbon
technologies)

. Chemically assisted clarification treatment (including chemical precipitation
technology)

. Chemical oxidation

. PACT® treatment (including powdered activated carbon additionto activated dudge
and biological granular activated carbon technologies)

. Reverse osmosis treatment

. Solvent extraction treatment (including liquid/liquid extraction)

. Stripping treatment (including steam stripping and air stripping technologies)

. Wet air oxidation treatment (including supercritical oxidation technology)
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. Glycolate dechlorination
. Incineration
. Total recycle or reuse.

The concentrations and type(s) of constituent present in the waste generally determine which
technology is most applicable. Carbon adsorption, for example, is often used as a polishing step
following primary treatment by biological treatment, solvent extraction, or wet air oxidation.
Typicaly, carbon adsorption is applicable for treatment of wastewaters containing less than 0.1%
total organic congtituents. Wet air oxidation, PACT® treatment, biological treatment, and solvent
extraction are generally applicable for treatment of wastewaters containing up to 1% total organic
congtituents. EPA doesnot haveinformation onthetotal organic content of wastewater formsof K178
because suchwastes are typically generated as nonwastewaters. Therefore, each of these treatment

technologies can potentially be used for K178 wastewaters.

Brief descriptions of the above treatment technologies are presented below.

Biological Treatment

Biological treatment is a destruction technology that biodegrades hazardous organic
congtituents inwastewaters. Thistechnology generatestwo treatment residuals. atreated effluent and
awaste biosludge.

Carbon Adsorption

Carbon adsorptionis a separation technology that selectively adsorbs organic constituentsin
wastewaters onto activated carbon. This technology generates two treatment residuals. a treated

effluent and spent activated carbon. The spent activated carbon may be reactivated, recycled,
incinerated, or land disposed (in accordance with land disposal restrictions).
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Chemically Assisted Clarification Treatment

Chemically assisted clarification, including chemical precipitation, isaseparation technology
that removes organic and inorganic condtituents from wastewater by the addition of chemicals that
cause the formation of precipitates. The solids formed are then separated from the wastewater by
settling, clarification, and/or polishing filtration. Thistechnology generatestwo treatment residuals:
treated wastewater effluent and separated solid precipitate.

Chemical Oxidation

Chemical oxidation is a destruction technology that oxidizes inorganic cyanide, some
dissolved organic compounds, and sulfidesto yield carbon dioxide, water, salts, smpleorganic acids,

and sulfates. Thistechnology generates one treatment residual: treated effluent.

PACT® Treatment

PACT® treatment combines carbon adsorption and biological treatment to biodegrade
hazardous organic constituents and selectively adsorb them onto powdered activated carbon. This
technology generates two treatment residuals. atreated effluent and spent carbon/biosludge. The

spent carbon is often regenerated and recycled to the process or incinerated.

Reverse Osmosis

Reverse osmosisis a separation technology that removes dissolved organics (usually salts)
from a wastewater by filtering the wastewater through a semipermeable membrane at a pressure
greater thanthe osmotic pressure caused by the dissol ved organicsinthewastewater. Thistechnology
generates two treatment residuals: the treated effluent and the concentrated organic salt materials

which do not pass through the membrane.



Solvent Extraction

Solvent extraction is a separation technology that removes organic compounds from a waste
due to greater congtituent solubility in a solvent phase than in the waste phase. This technology

generates two residuals: atreated waste residual and an extract.

Stripping Treatment

Stripping treatment i saseparationtechnology inwhichvolatileorganic constituentsinaliquid
waste are physicaly transferred to a flowing gas or vapor. In steam stripping, steam contacts the
waste, strips the volatile organics, and carries them to a condenser where the mixture of organic
vapors and steamis condensed and collected in anaccumulator tank. Inair stripping, air contactsthe
waste and stripsthevol atile organi c constituents. Stripping generatestwotreatment residuals. treated

effluent and condensed vapors.

Wet Air Oxidation

Wet air oxidation is adestructiontechnology that oxidizes hazardous organic constituentsin
wastesunder pressure at el evated temperaturesin the presence of dissolved oxygen. Thistechnology
is applicable for wastes comprised primarily of water and with up to 10 percent total organic
congtituents. Wet air oxidation generatesonetreatment residual: treated effluent. Thetreated effluent
may require further treatment for hazardous organic constituents by carbon adsorption or PACT®

treatment. Trapped air emissions from wet air oxidation may also require further treatment.
Glycolate Dechlorination
EPA (1994b) describes a bench-scale process involving dechlorination of toxics (e.g.,

dioxins) using an alkoxide formed by the reaction of potassium hydroxide with polyethylene glycol

(KPEG). TheU.S. Navy’s Environmental Restoration Division aso provides another description of
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this process.®> The KPEG technology is an example of the use of an akaline polyethylene glycol
reagent (APEG), and is considered as an innovative remediation technology applicable to small
volume of soils (i.e., nonwastewaters) due to cost constraints. The process involvesthe mixing and
heating of contaminated soils and the reagent in a batch treatment vessel. The reaction between the
chlorinated organics and the KPEG causes replacement of a chlorine molecule with polyethylene
glycol. The reagent then dehalogenates the pollutant to form a glycol ether and/or a hydroxylated
compound and an alkali metal salt, which are water-soluble byproducts. The data from the U.S.
Navy’s Environmental Restoration Division is primarily for soil. However, data from EPA’s
National Risk Management Research L aboratory (http://www.epa.gov/tdonrmrl/intro.htm) showsthat
this technology has been used for treating dioxins and furansin liquids and in waters.

Incineration
Please see section 6.3.2 for adiscussion of incineration.
Total Recycle or Reuse

Tota recycle or reuse within the same process or an external process eliminates waste

generation. Asaresult of recycling, however, impurities may require removal from the system on a
periodic or continuous basis.

6.2.3 ldentification of BDAT and Treatment Standards for Wastewater Forms of K178

BDAT for Metals

In developing UTS for thallium, EPA identified the appropriate BDAT as lime conditioning
followed by sedimentation and filtration (EPA, 1994b). The UTS was unchanged since this date.

% http://erb.nfesc.navy. mil/restoration/technol ogies/remed/phys_chem/phc-12.asp. The date of the report
was hot provided, but appearsto be from 1998.
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BDAT for Dioxing/Furans

EPA previously developed UTSfor the following dioxin/furanclasses, identifying biological
treatment as BDAT (EPA, 1994b):

HxCDDs (All hexachlorodibenzo-p-dioxins)
HxCDFs (All hexachlorodibenzofurans)
PeCDDs (All pentachlorodibenzo-p-dioxins)
PeCDFs (All pentachlorodibenzofurans)
TCDDs (All tetrachlorodibenzo-p-dioxins)
TCDFs (All tetrachlorodibenzofurans)

EPA finalized treatment standardsfor thefive hepta- and octa- dioxin and furan congeners(in
thefinal ruleto list chlorinated aliphatics wastes as hazardous, November 8, 2000). However, EPA
expects that applicabl e trestment technologiesand BDAT for the above congeners are appropriate for
the remaining dioxinand furan congeners. Biological treatment is expected to perform equally well
for these condtituents as it does for the other congeners due to similarity in structure and properties

of these compounds.

BDAT for Wastewater Forms of K178: Conclusion

Biological treatment is a demonstrated method for treating wastewaters with low levels of
dioxin/furan components. In data submitted by industry prior to promulgation of the Land Disposal
Restrictions for the Third Third Scheduled Wastes (55 FR 22520), wastewaters including hazardous
waste landfill leachate were managed using biological treatment in both batch and full scale
processes.* However, biological treatment is expected to only dightly decrease the concentration of

metals in the waste.

Toadequately treat both metalsand organicspotentially present inwastewater forms of K178,
EPA identifies atreatment train consisting of lime treatment foll owed by sedimentation and filtration
(for metals treatment), followed by biological treatment (for organics treatment) as BDAT for the
treatment of wastewater forms of K178.

* Letter from Chemical Waste Management Incorporated, F-89-L D12-S0967. Letter from Dow
Chemical USA, F-89-LD12-S0968.
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Treatment Sandards

EPA is finalizing numerical treatment standards as follows. These are equivaent to
promulgated UTS for thallium and the dioxin/furan congeners. In the case of manganese, EPA has
deferred final action. These standards finalized for K178 are as follows:

. Thallium: 1.4 mg/L
. The following chlorinated dibenzo-p-dioxins (CDDs) and dibenzo-p-furans (CDFs):
- 1,2,3,4,6,7,8-Heptachl orodibenzo-p-dioxin: 0.000035 mg/L
- 1,2,3,4,6,7,8-Heptachl orodibenzofuran: 0.000035 mg/L
- 1,2,3,4,7,8,9-Heptachl orodibenzofuran: 0.000035 mg/L
- HxCDDs (All hexachlorodibenzo-p-dioxins): 0.000063 mg/L
- HxCDFs (All hexachlorodibenzofurans): 0.000063 mg/L
- 1,2,3,4,6,7,8,9-Octachl orodibenzo-p-dioxin (OCDD): 0.000063 mg/L
- 1,2,3,4,6,7,8,9-Octachl orodibenzofuran (OCDF): 0.000063 mg/L
- PeCDDs (All pentachlorodibenzo-p-dioxins): 0.000063 mg/L
- PeCDFs (All pentachlorodibenzofurans): 0.000035 mg/L
- TCDDs (All tetrachlorodi-benzo-p-dioxins): 0.000063 mg/L
- TCDFs (All tetrachlorodibenzofurans): 0.000063 mg/L

EPA aso finalized an aternative treatment standard of combustion (CMBST) for the dioxin
and furan congtituents of K178. Combustion is the basis for the dioxin/furan numerical limitsin
nonwastewaters, and properly conducted combustion should effectively destroy dioxin/furan
constituents. If thismethod of treatment isused to treat K 178 in certai n specified combustion devices,®
there would be no need to monitor compliance with numerical limits established for dioxin/furan

congtituents. However, the other constituent (i.e., thallium) would require monitoring prior to land
disposal.

Since numerical treatment levels are finalized for wastewater forms of K178, the use of any
technology (other thanimpermissible dilution) is allowed in complying with the trestment standards.
Therefore, facilities are not required to use the above treatment train to manage wastewater forms of
K178, and may find they can use an alternative treatment train to meet the numerical treatment
standards.

*The definition of CMBST islimited to: (1) combustion units operating under 40 CFR Part 266, (2)
combustion units permitted under 40 CFR Part 264, Subpart O, or (3) combustion units operating under 40 CFR
Part 265, Subpart O, which have obtained a determination of equivalent treatment under 40 CFR 268.42(b).
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6.3 Nonwastewater Forms of K178

6.3.1 Applicable and Demonstrated Technologiesfor Treating Metals

In general, the technologies described for treating metals in K176 would be applicable to
treating metalsin K178. These technologies are described in Section 4.3.1.

6.3.2 Applicable and Demonstrated Technologiesfor Treating Dioxing/Furans

The technologies listed in this section are applicable and have been demonstrated to treat
dioxin and furan congeners (or other organics) in nonwastewater forms of other hazardous wastes.
They are expectedto beapplicableto wastes with physical and chemical forms similar toK178. EPA
(19944a) presents athorough discussi on of thesetechnol ogies. Thosetechnol ogies deemed applicable

to the physical and chemical characteristics of K178 are as follows:

Incineration

Solvent extraction

Critical fluid extraction

Pressure filtration

Thermal drying of biological treatment dudge
Thermal desorption

Total recycle or reuse

Except for total waste recycle and reuse, al of the treatment methods listed above generate
additional wastes in liquid or solid form. Such wastes would require additional management,
including additional treatment to meet applicable land disposal restriction treatment standards if
necessary. Each technology is described below.

Incineration
Incinerationis adestruction technology inwhichheatistransferred to the waste to destabilize
chemical bonds and destroy hazardous organic constituents. Off-gases (following additional

combustion in an afterburner) are fed to a scrubber system for cooling and for removal of entrained

particlesand acid gas. Threeincineration technologies are applicable and demonstrated for organics

6-9



in nonwastewaters: liquid injection, rotary kiln, and fluidized-bed. Incineration potentially may
produce two residuals: scrubber water and ash. Waste properties, the type of incineration system

used, and the air pollution control devices employed dictate the quantity of each residual generated.

Solvent Extraction

Solvent extraction is a separation and recovery technology. The process removes organic
congtituents fromawaste by mixing thewaste with asolvent that preferentially di ssol vesand removes
the hazardous congtituents from the waste. Wastes treated by this technology have a wide range of
total organic content; selection of an appropriate solvent depends on the relative solubilities of the
congtituents to be removed and the other organic compoundsinthe waste. Thistechnology generates

two residuals: atreated waste residual and an extract.

Critical Fluid Extraction

Thisisaseparation and recovery technology inwhichasolvent isbrought to its critical state
(liquified gas) to extract organic constituents from awaste. The solvents used are usually gases at
ambient conditions. The solvent is converted from agasto aliquid via pressurization. Asaliquid,
the solvent dissolved the organic constituents and extracts them from the waste matrix. Onceit is
extracted the solventisreturnedto its original gaseous state. Thetechnology generatestwo residuals.

atreated waste residual and an extract. The extract is usually recycled or treated by incineration.

Pressure Filtration

Pressure filtration, also knownas sludge dewatering, isaseparationand recovery technology
used for wastes that contain high concentrations (greater than 1 percent) of suspended solids. It
separates particles from afluid/particle mixture by passing the fluid through a medium that permits
the flow of the fluid but retains particles. Pressure filtration generates two residuals. dewatered
dudge and water. For dioxins and furans that are partitioned to suspended solids, this technology
concentrates the organics in the solid residual, making the dioxins and furans more amenable for

treatment using other technologies described in this section.
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Thermal Drying

Therma drying of biological treatment dudge is a destruction technology which uses
controlled flame combustion or indirect heat transfer to elevate the temperature of the waste and,
thereby volatilizes the organic constituents. Off-gas from the dryer is sent to an afterburner to
complete combustionof thevolatile component. Thisprocessgeneratestworesiduals. atreated waste

residual and an extract.

Thermal Desorption

Thisis aseparationand recovery technology inwhich direct or indirect heat exchangeis used
to volatilize organic constituentsfromwastes. Different from incineration, thermal desorption works
by elevating the temperature of the organic congtituents to effect a phase separation to a gaseous state
without combustion. Thermal desorption units function by creating steam from the volatilization of
the moisture in the waste from heating. The technology generates two residuals; a treated waste

residual and an extract.

Total Recycle or Reuse

Total recycle or reuse within the same process or an external process eliminates waste
generation. Asaresult of recycling, however, impuritiesmay require removal from the system on a

periodic or continuous basis.

6.3.3 Ildentification of BDAT and Treatment Standards for Nonwastewater Forms of K178

Thallium

For K178, EPA selected atreatment standard for thallium equivalent to the UTS of 0.2 mg/L
TCLP. TheUTSwasfinaized in the 1998 Phase IV rule, developed from stabilization data. In the
Phase 1V rule, EPA expected that both high temperature metal s recovery and stabilization technology
would be expected to achieve the treatment standards.
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Dioxins/Furans

In its development of UTS, EPA identified incineration as BDAT for tetra, penta, and hexa
dioxin/furan congtituents (EPA, 19944). Incineration is expected to perform equally well intreating
hepta- and octa- dioxinand furan compounds, based on their similar structure to the other dioxinand
furan congtituents.

BDAT for Nonwastewater Forms of K178: Conclusion

As shown by the treatment performance data identified above, stabilization or HTMR
technology should result in levels of thallium to below the K178 treatment standards.

As shownfromthe data in Section 2 of thisreport, dioxinsand furanswould require treatment
to meet the numerical treatment standards. While combustion would likely result in the reduction of
these contaminants to below UTS, the general composition of the waste (i.e., with significant
concentrations of noncombustible inorganic components) may result in large quantities of treatment
residuals requiring further management. Additionally, while incineration destroys a significant
percentage of these components, smaller quantities may be released to the air and result in cross-
mediaimpacts. Finally, additional treatment may be required to reduce the mobility of thalliuminthe
waste.

As aresult of these concerns, EPA has identified technologies potentially applicable to
destroying dioxins or reducing their mobility, and s multaneoudy reducing the mobility of thalliumand
other metals (at the least, the presence of these metals are not expected to decrease the efficiency of
the technology towards dioxins and furans). Thesetechnologiesareidentified in Appendix A. EPA,
however, is not finalizing alternative treatment standards based on any of these technologies.
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Treatment Sandards

EPA is finalizing numerical treatment standards as follows. These are equivaent to
promulgated UTS for thallium and the dioxin/furan congeners. These standards for K178 are as
follows:

. Thallium: 0.20 mg/L TCLP
. The following chlorinated dibenzo-p-dioxins (CDDs) and dibenzo-p-furans (CDFs):
- 1,2,3,4,6,7,8-Heptachl orodibenzo-p-dioxin: 0.0025 mg/kg
- 1,2,3,4,6,7,8-Heptachl orodibenzofuran: 0.0025 mg/kg
- 1,2,3,4,7,8,9- Heptachlorodibenzofuran: 0.0025 mg/kg
- HxCDDs (All hexachlorodibenzo-p-dioxins): 0.001 mg/kg
- HxCDFs (All hexachlorodibenzofurans): 0.001 mg/kg
- 1,2,3,4,6,7,8,9-Octachl orodibenzo-p-dioxin (OCDD): 0.005 mg/kg
- 1,2,3,4,6,7,8,9-Octachlorodibenzofuran (OCDF): 0.005 mg/kg
- PeCDDs (All pentachlorodibenzo-p-dioxins): 0.001 mg/kg
- PeCDFs (All pentachlorodibenzofurans): 0.001 mg/kg
- TCDDs (All tetrachlorodi-benzo-p-dioxins): 0.001 mg/kg
- TCDFs (All tetrachlorodibenzofurans): 0.001 mg/kg

Since numerical treatment levels are finalized for nonwastewater forms of K178, the use of
any technology (other than impermissible dilution) is allowed in complying with the treatment
standards. Therefore, facilities are not required to use the above treatment technology to manage
nonwastewater forms of K178, and may find they can use an alternative treatment technology to meet

the numerical treatment standards.

EPA selected an alternative trestment standard of combustion (CMBST) for K178.
Combustion is the basis for the dioxin/furan numerical limits, and properly conducted combustion
should effectively destroy dioxin/furan constituents. If thismethod of treatment isused to treat K178
in certain specified combustion devices,® there would be no need to monitor compliance with
numerical limits established for dioxin/furan constituents. However, the other congtituent (i.e.,

thallium) would require monitoring prior to land disposal.

The definition of CMBST islimited to: (1) combustion units operating under 40 CFR Part 266, (2)
combustion units permitted under 40 CFR Part 264, Subpart O, or (3) combustion units operating under 40 CFR
Part 265, Subpart O, which have obtained a determination of equivalent treatment under 40 CFR 268.42(b).
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APPENDIX A. REVIEW OF TECHNOLOGY ALTERNATIVESFOR THE TREATMENT
OF K178 WASTE

1.0 Introduction

EPA is listing as hazardous waste No. K178. As identified in Section 3 of this report,
congtituents present inK 178 waste (fromthe risk analysis or the LDR analysis) aredioxins/furans and
thalium. Additionally, EPA initialy proposed atreatment standard for manganeseinthiswaste. EPA
is deferring final action on this part of the proposal.

Thisappendix provides an overview of aternativetechnol ogies(other thanincineration) with
the potential to treat K178 waste. This review sought to identify individual technologies that
potentially could (1) treat dioxing/furans, thallium, and manganese or (2) treat the dioxin/furan
component without the metals interfering with the treatment system’s effectiveness. None of the
technologies have actually been applied to treating K178. However, based on review of these
technologies, the most promising aternative technologies to smultaneoudly treat dioxin/furans and
metals are asfollows: vitrification, high temperature metalsrecovery, electrokinetic separation, and
solvent extraction. A number of other technologies appear to be effective in treating the dioxin/furan
component of the waste. This appendix retains information on the effectiveness of these treatment
technol ogies towards manganese.

The primary sources of information for this review were the following:

. EPA’s Treatability Database
A database created by EPA’s Risk Reduction Engineering Laboratory (RREL) that
consolidates performance data for treatment technologiesfromavariety of literature sources.
The database includes abstracts for each of the literature sourcesfromwhichthe performance
data are taken.

. EPA’sRemediation and Characterization Innovative Technologies (REACH IT) database

An online searchable database that contains information about innovative and conventional
technologies for treating hazardous waste. EPA REACH IT contains detailed information
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provided by technology vendors, EPA remedial project managers, and other federal and state
project managers. EPA REACH IT isupdated continuoudly and is avail able at the following
site: http://www.epareachit.org/index3.html.

. The Federal Remediation Technol ogies Roundtable Remediation Technologies Screening
Matrix and Reference Guide, Version 3.0

A "yellow pages' of remediationtechnologies. Itisintended to be used to screen and evaluate
candidate cleanup technol ogiesfor contaminatedinstallationsand waste sitesin order to assi st
remedial project managers (RPMs) inselecting aremedial alternative. Thisreference guide
allowsthe reader to gather essential descriptive information on the respective technol ogies.
It incorporates cost and performance data to the maximum extent available and focuses
primarily on demonstrated technologies. It is available at the following site:
http://mww.frtr.gov/matrix2/top_page.html

. Literature Search. Other technologies applicable to the treatment of dioxins and furans in
solid wastes were identified from alimited literature search.

2.0 Waste Profile

Table A-1 identifies several characteristics of the waste which would influence treatment.
The waste would require treatment to reduce the mobility of thalliumand reduce potential risks from
dioxins and furans. In the past, EPA required that total levels of dioxins and furans meet UTS;
technol ogies such as combustion or incineration typically were applied to meet these limits. While
effectivein meeting UTS and destroying organic constituents such as dioxins and furans, combustion
may result in airborne emissions which could present further health risks. Therefore, EPA is
investigating alternatives to combustionwhich may result in the reduction of the concentrationand/or

mobility of dioxins and furans, but without resulting in cross media impacts.

Table A—1. Characteristics of K178 Affecting Waste Treatment

Parameter Characteristicin K178
Thallium May require treatment to meet UTS of 0.20 mg/L TCLP. The
maximum concentration in record sampling is 0.28 mg/L TCLP
Manganese Total concentration 10,600 mg/kg (~1%)
TCLP concentration 252 mg/L

The proposed UTS for manganeseis 3.6 mg/L TCLP




Parameter Characteristicin K178

Chlorinated Levels of the octa furan congener exceeds UTS. The UTSfor this
dibenzofurans congener is5 ppb. OCDF was analyzed at 58 ppb.

Moisture content 60 percent

Generation volume Thousands of tons per year, industry-wide

Source: EPA record sampling data from DuPont, Edgemoor DE.

Some of the characteristicsidentified in Table A—1 may present treatment difficulties; inother
cases treatment data may be available only for wastes with different characteristics and would
therefore present difficulties in interpreting available waste treatment data for combustion or for

alternative technologies:

. Volume

The waste is generated in high quantities (thousands of tons per year), and so a treatment
technology must be capable of handling this quantity of waste.

. Moisture

The waste has a high moisture content (60 percent). Whilethisis not necessarily adifficulty,
treatment data for many wastes are often limited to either fairly dry materials, or to materials
with a much lower water content. Therefore, the performance of the technology for wastes
with higher moisture content must be extrapolated, and may result in some uncertainty.

. Polychlorinated dibenzofuran content

L evels of octachlorodibenzofuran (OCDF) are present at the highest concentrations, at levels
up to 58 ppb (12 times its UTS). Existing performance data for many technologies are
expressed in terms of the removal of other congeners or of the total concentration of dioxins
or furans, rather thanfor OCDF. In particular, many studies have focused onthe reduction of
the levels of 2,3,7,8-TCDD and 2,3,7,8-TCDF, the two most toxic of the dioxins and furans.
Fewer studies have examined the entire range of tetra- through octachlorinated dioxins and
furans. The presence of four more chlorine atoms in OCDF relative to 2,3,7,8-TCDF has a
marked effect on the toxicity of OCDF, as well as affecting its fate and transport in the
environment. However, there are few data directly comparing the treatment or removal
efficiencies for OCDF relative to the other dioxins and furans. Based on the structural
similarities of the various dioxins and furan congeners, treatment performance data for these
other congenersis expected to be similar to the expected treatment performance for OCDF-.

Based onthe record sampling results, atechnology would have to reduce OCDF levelsby 12
times (i.e., 91+ percent destruction). Levelsof dioxins and furansin the waste may actualy
be higher, to account for temporal variability.
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. Treatment of other toxic contaminants

Inadditionto octachl orodibenzofuran, the waste al so contains mobilel evel s of manganeseand
thallium that present potentia risks; treatment may be required to achieve the thallium and
manganese treatment standards being promulgated for thiswaste. At aminimum, the metals
should not interfere with any technology used in treating dioxins, and at best, these metals
should be treated simultaneously to reduce their mobility in the treated waste.

3.0 Results of the Technology Review

The review of these sources found no individual technologies that have been applied to or
tested on a waste with this specific combination of congtituents (dioxins/furans, thalium, and
manganese). It did, however, uncover severa technology categoriesthat (1) have been successfully
applied both to wastes containing dioxing/furans and to separate waste streams containing metals
(sometimesincluding thalliumor manganese), (2) have been successfully applied to wastes containing
dioxing/furans and also have the potential to treat metal-bearing waste, (3) have been successfully
applied to wastes containing dioxing/furans and are unlikely to be made ineffective because of metals
concentrations inthe wastes, or (4) have been successfully applied to metal-bearing wastes and have

the potential to treat dioxing/furans.

A tota of tentechnologieswere identified and are described below. These technologiesfall

into three broad categories:

. Encapsulation: vitrification; solidification and stabilization.

. Destruction: deha ogenation; chemical oxidation/reduction; hightemperature metal srecovery;
vacuum retorting; solvated el ectron technology.

. Extraction or separation: thermal desorption; electrokinetic separation; solvent extraction.

The descriptions include available performance data for the constituents of concern and a
gualitative assessment of the potential for treating K178 waste. The data sources employed in this
review are summarized at the end of this appendix, by technology.

4.0 Encapsulation Technologies

4.1 Vitrification
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Vitrification processesemploy heat (often using an electric current) to melt and convert waste
materialsinto glass or crystalline matrices. The high temperatures can destroy organic constituents.
Metals contained inthe waste are incorporated into the glass/crystalline structure, whichtypicallyis

resistant to leaching.

A number of vendors provide vitrification technologies that are generally similar in design.
Vitrification has been demonstrated at least one Superfund site to achieve greater than 93.8 percent
destruction of 2,3,7,8-tetrachol orodibenzofuran and 89 to greater than 93.6 percent destruction of
octachlorodibenzo-p-dioxin (Geosafe, 1991). At least two other vendors (McNeill, Ecogrind) have
indicated that their vitrification technologies have been successfully applied for destruction of
dioxing/furans, dthough no performance data were presented in the available sources for these
applications. A number of other vendors also have indicated that their technologies are potentially
applicable to dioxins/furans, although the technologies have not yet been demonstrated for this
purpose.

No performance data are available on the effectiveness of vitrification technologies for
encapsulating manganese and thallium. Vitrification, however, has been shown effective for
encapsulating a wide range of other metal's, including arsenic, barium, cadmium, chromium, copper,
lead, mercury, nickel, vanadium, and zinc. Several vendors (Terra-VIT, PermaVIT) have indicated
that their technologies should be applicable to waste containing up to 3 to 5 percent by weight

manganese and up to 5 to 15 percent by weight thallium.

Whilevitrificationhasnot beendemonstrated for a waste containing thisspecific combination
of constituentsof concern, thelimited availabl e performance datasuggest thistechnology ispotentially
applicable to K178. Most vitrification technologies, however, have been demonstrated only at the
pilot scale, although a few vendors (PACT, McNelll, Seiler) have indicated that their technologies
are sized and commercially available for full scale application. While vitrification most commonly
isconsidered anin-situ soil remediationtechnology, most vendorshave devel oped designs applicable

to ex-situ soils and/or waste sludges.

4.2 Solidification and Stabilization



Solidificationis the process by which contaminants are physically bound or enclosed within
astabilized mass. Thisisoften accomplished by adding organic polymerstothewaste. Thepolymers
suspend the congtituents of a solid waste rather than chemically binding them. As a result, any

contaminants in the solidified mass may be subject to leaching by water passing through the mass.

Stabilization is the process by which chemical reactions are induced between a stabilizing
agent and contaminants to reduce their mobility. Cement is commonly used to stabilize wastes.
Cement is alkaline and, in additionto neutralizing the acidity of some waste, the alkaline components
of the cement will bind many metals to some degree. Other than suspending the solids, cement
stabilization does not affect any organic contaminants. Polymerization is similar to stabilization in

that chemical reactions are induced between the contaminants in the waste and the polymer matrix.

The available literature and the databases identified in Section 1 were searched for
applications of these technologiesto dioxins and furansinwastes similar to K178. Based on review
of these sources, therewas very little information relevant to the effectiveness of thesetechnologies
in reducing the mobility of dioxins and furansin K178. Those studiesthat were identified during the
review were found to have focused on the stabilization of various types of incinerator ash, a matrix
with very different physical characteristics compared to the K178 waste.

5.0 Destruction Technologies

Technologiesinthis category involvethe additionof chemical reagents to waste to destroy or
detoxify organic congtituents. Some technologiesemploy low levelsof heat (80 to 450°C) in addition
to chemical reagents to achieve the desired reaction.

5.1 Dehalogenation

Dehal ogenationrefersto techniquesthat removehal ogenaoms (notably chlorine) fromorganic

contaminants, resulting in nonhazardous or less toxic compounds.
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The addition of dimethyl sulfoxide (DM SO) and potassium hydroxide (KOH), along with the
application of heat at 80C for one hour, has been shown in the literature to achieve 74% destruction
of total PCDDs, 99.42% destruction of octachl orodibenzo-p-dioxin, and 98.5% destructionof PCDFs
(Tiernan, 1989).

Another technology employs akaline polyethylene glycol reagents (APEGS). The KPEG
reagent (potassium hydroxide and polyethylene glycol) hasbeenusedinmany instances. The addition
of KPEG and heating to 100C for 45 minutes has been shown to achieve 99.908 % destruction of total
PCDDs and 99.926 % destruction of octachlorodibenzo-p-dioxin (Tiernan, 1989).

A third treatability study showsthat the addition of various reagents and heat between 340 and
450°C canachieve 24 to0 99.974 % destruction of 2,3,7,8-tetrachlorodibenzo-p-dioxin, 0 to 99.89%
destruction of 2,3,7,8-tetracholorodibenzofuran, and 97.4 to 99.973% destruction of
octachlorodibenzo-p-dioxin (Peer Consultants, 1990).

Finally, the commercia vendor of a dechlorination technology hasindicated that its process
(Agent 313) has been demonstrated to reduce dioxins and furansin Love Canal soils to non-detect
(parts per trillion) levels.

Although these chemical destruction technologies have not been tested on wastes that also
contain metals, based on the available process descriptions, the presence of metals should not
interferewiththe effectiveness of the dioxin/furan destruction. However, thesetechnologies, alsoare
unlikely to have any effect on the metals content of K178 waste. Thus, they can be considered a
potentia approach for treating only the dioxin/furan component of the waste.

5.2 Chemical Oxidation/Reduction

Technologiesin this category apply an oxidizing or reducing agent, typically inthe presence

of relatively highlevels of heat, to convert hazardous contaminants into compoundsthat arelesstoxic,

more stable, or lessmobile. Four specific oxidation or reduction technol ogies are described below.



ECO LOGIC Process

This process involves the gas-phase reduction of organic compounds by hydrogen at
temperatures of 850 to 900C inathermal reduction mill equipped with a sequencing batch vaporizer.
The process excludes oxygen and uses hydrogento reduce organic compounds. While no quantitative
performance data are available, the vendor states that chlorinated hydrocarbons, including
dioxing/furans, are chemically reduced to primarily methane and hydrogen chloride (HCI). TheHCI
produced is removed in acaustic scrubber downstreamof the process reactor as an industrial grade
product. Any inorganic congtituents (e.g., thallium and manganese) of the waste will either remainin
the treated waste or exit as metal hydrides in the grit or scrubber dudge. Thus, this technology can
be considered a potentia approach for treating only the dioxin/furan component of K178.

Pul se Enhanced® Steam Reforming

Thistechnology involvesthe injection of the material to be converted, along with steam, into
afluidized bed reactor to break down the molecular structure of organic materials. The constituents
of the organic materials are thenreformed into simple gases that can be used as fuels or feedstock for
industrial processes. In certain applications, the fluid bed material is selected to either serve as a
catalyst or asasorbent. While no quantitative performance data are available, the vendor states that
the technology has beenused effectively for treatment of waste containing dioxing/furans. Based on
the technology description, the presence of metals should not interfere with the effectiveness of the
dioxin/furan destruction, but the technology aso is unlikely to have any effect on the metals content
of K178 waste. Thus, thistechnology can be considered a potentia approach for treating only the

dioxin/furan component of K178.

DETOX

Thisis a patented, catalyzed wet oxidation process that invol ves the nonthermal oxidation of
organicswith oxygeninawater solution. Productsof theprocesstypically are carbon dioxide, water,
any inert solids contained in the waste, and a concentrated residue of any toxic metals as oxides or

salts. While no quantitative performance datafor dioxing/furans are available, the vendor states that
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the process can destroy all organic compounds except fluoropolymers. Destruction efficienciesin
batch tests have been greater than99.9999 %. Thetechnology, therefore, appearsto havethepotentia
for treating the dioxin/furan component of K178. The vendor aso states that the solution dissolves
and concentratesarsenic, barium, beryllium, cadmium, cerium, chromium, lead, mercury, neodymium,
nickel, vanadium, and other metalswith chemical properties similar to these. No datafor manganese
or thalliumareavailabletoindicate whether the process would reducetheleachability of thesemetals
inK178. Becausethetechnology isintended to affect only organic compounds, further treatment (such
as stabilization) may be required to reduce the mobility of metalsin K178.

Catalytic Extraction Processing (CEP)

This technology was developed and commercially applied by Molten Metal Technology,
which has since ceased operations. The CEP processis presently (2000) being licensed by Quantum
CatalyticsL.L.C., however itisnotknownwhether any commercia sitesare currently available. The
CEP technology is believed to bein use at a government facility. CEP is a proprietary technology,
at the core of which is a high-temperature molten metal bath. The liquid metal acts asacatalyst and
solvent in dissociating the feed into its constituent elements. The catalytic effect of the molten metal
causes complex compounds in the feed to be dissociated into their elements, which readily dissolve
in the liquid metal solution. By adding select co-reactants and/or controlling process operating
conditions, the dissolved elementa intermediates can be reacted to form desired products of
commercia value. The process has beenapplied to wastes containing avariety of metals, including
arsenic, cadmium, iron, lead, mercury, molybdenum, silver, uranium, vanadium, and zinc. Whileno
performance data are available for wastes contai ning thallium or manganese, these congtituents in
K178 could potentially be bound inthe process' ceramic or metallic products. Thevendor statesthat
the processis potentially applicable to wastes containing dioxing/furans, and that, inthe treatment of
other wastes contai ning organics, the process does not provide pathways for the formation of dioxins
or furansinthe off-gas. Presumably, dioxing/furanswould be destroyed by the heat of the metal bath.
Thus, while further investigation would be required to determine the processes applicability, this
technology is potentially applicable to K178 waste.



5.3 High Temperature Metals Recovery

High Temperature Metals Recovery (HTMR) technologies apply heat (often in excess of
2,000°C) to waste using a flame burner or plasmatorch, usualy in an oxygen-enriched atmosphere.
Theseprocessestypically resultinametallic alloy product and aceramic dag. Inorganic congtituents
in the waste are either partitioned to the alloy product or bound in the slag in a non-leachable form.
The high heat in HTMR reactors vaporizes and can destroy organic constituents in the waste.

In atest of aflash smelting HTMR process, leachable (TCLP) concentrations of manganese
and thallium in the slag were reduced by 65% and 38 % respectively, from their initial TCLP
concentrations in the waste (Versar, 1992). Performance data for manganese and thallium are not
available for other HTMR technologies, but these technologies have been used to treat wastes
containing a variety of other metals, including arsenic, cadmium, cobalt, copper, iron, lead, nickel,

and zinc.

No performance data are avail able on the effectiveness of HTM R technol ogiesfor destroying
dioxing/furans. Technology vendors, however, universally claimthat their technologiesare potentially
applicable to wastes containing dioxing/furans. Two vendors (PEAT and M SE) report that their
technologies have been successfully used to treat wastes containing both metals and hal ogenated
organics other thandioxing/furans. Thus, whilefurther investigation would be required to determine
the processes’ applicability, HTMR technology is potentially applicable to both the metals and
dioxins/furans components of K178 waste.

5.4 Vacuum Retorting
Vacuumretortingisaprocessby whichawaste i s heated to a high temperature under a partial
vacuum. The vacuum removes oxygen from contact with the waste, thereby minimizing oxidative

reactions inthe waste and eliminating the production of various products of incomplete combustion,

including dioxins and furans, that characterize incineration processes.
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The Sepradyne Corporationhasdevel oped and patented anindirectly heated, hightemperature,
high vacuum rotary kiln that has been used to treat dioxin-contaminated incinerator ash fromamixed
waste (hazardous and radioactive) incinerator. In bench-scale tests at the Brookhaven National
Laboratory, samples of adioxin- and furan-containing incinerator ash were treated in experiments at
450C and 750C.

The concentrations of thetotal homologues of the dioxins and furansin the original ash ranged
from30 - g/kgfor total TCDD to 565 : g/kg for total HpCDD and 78 - g/kg to 287 : g/kg for the total
TCDF and total HpCDF. The penta- and hexa-chlorinated homologue totalsfell in between the tetra
and hepta concentrations listed above. No data were provided for OCDD or OCDF.

The concentrations of these homologues were reduced to “not detected” for the tetra- and
pentachlorinated dioxins and furans at both treatment temperatures and the hexa- and heptachl orinated
furans were reduced below the unspecified detections limits for the 450°C experiments. The
concentrations of the hexachlorinated and heptachlorinated dioxins and furans were reduced to the

range of 20 to 70 ng/kg (e.g., parts per trillion) for the 700°C experiments.

Whilethese results show promise, the report on this study notes that additional treatment may
be required to reduce the leachable metal concentrations below the toxicity characteristic levels. In
addition, the bench-scale test involved an apparatus with a capacity of only 500-mL. Thus, the
applicability of this technique may be limited to treating the dioxin/furan component of the K178 and
would have to be evaluated on amuch larger scale relative to the volume of K178 produced.

5.5 Solvated Electron Technology
Solvated electron technology (SET®) is a proprietary chemical process developed by
Commodore Applied Technologies, Inc., for the destruction of organochlorine wastes. The process

is based on the use of a solution of a reactive metal such as sodium in ammonia to treat halogen-

containing contaminants.
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Inthe mid-1800s, chemists discovered that dissolving areactive alkaline-earth metal suchas
sodium, calcium, or lithiuminammoniaresulted inavivid blue solution. It waslater determined that
the blue color is due to the presence of free electrons in the solution. When contaminated soils or
wastes are mixed with the ammonia-metal solution, these free electrons readily interact with halogen
atoms, rel easi ng themfromthe organic compoundsand all owing themto react with the dissol ved metal
to form a salt such as sodium chloride. The ammoniafrom the solution is recycled and reused.

Commodore hasreceived a PCB destruction permit fromEPA for on-site soil trestment. The
SET® process has been validated for the commercial-scale treatment of PCB-contaminated soils,
solids, wet sludges, oils, wastewaters. According to information provided by the company, soils
contaminated with PCBs, pesticides, dioxins, furans, and other contaminants at levels up to 10,000
mg/kg (10,000,000 : g/kg) have been treated and the contaminants reduced to less than 1 mg/kg.

The SET® process does not affect the metal concentrationsin the material being treated, nor
do metals appear to interfere with the destruction of organochlorine compounds. Thus, while this
technology shows considerable promisefor the treatment of the dioxin/furan constituents of the K178

waste on alarge scale, it is unlikely to address either manganese or thallium.

6.0 Extraction/Separation Technologies

Thegoal of extraction or separationtechnologiesisto selectively remove the contaminants of
concern from the bulk of the waste material. When successful, these technologies can significantly
reduce the volume of waste that is hazardous. Therefore, although the hazardous constituents may
remain intact, they are present in amuch smaller volume of material, thereby significantly lowering

the cost of disposal relative to the original waste material.

6.1 Thermal Desor ption

In thermal desorption, wastes are heated to volatilize water and organic constituents. The
temperatures involved are suchthat organics are not destroyed, but are physically separated fromthe
waste. The physically separated constituents are then transported to a gas treatment system.
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Tests of athermal desorption system developed by IT Corporation have been demonstrated
to remove greater than 99.8 % of total PCDDs and from 65 to greater than 99.81 % of 2,3,7,8-
tetrachl orodibenzo-p-dioxin, depending on the subject waste and operating conditions. Tests of
another thermal desorptionsystem(SAREX) at aSuperfund site demonstrated removal of 62.5t0 99.7
% of dioxins and furans. At least three other vendors (Etts Ecotechniek, Thermatek, WRI) have
indicated that their thermal desorption technol ogies have been successfully applied for removal of
dioxing/furans, although no performance data were presented in the available sources for these

applications.

While some thermal desorption technol ogieshave beenapplied for removal of mercury, these
technologies generaly are not applicable for removal of less volatile metals such as thallium and
manganese. The presence of metals, however, is unlikely to interfere with the effectiveness of
dioxin/furan removal. Thus, this technology is potentially applicable to separate the dioxin/furan
component of K178 waste for further treatment.

6.2 Electrokinetic Separ ation

Electrokinetic separation involves application of alow-intensity direct current through the
waste mediumusing ceramic electrodes. The resulting el ectrochemical and e ectrokinetic processes

desorb and then remove, metals and polar organics.

Onevendor (Lynntech) hasdevel oped an el ectrokinetic separation technology at thepilot scale
that has been demonstrated to achieve 99 % dioxin removal in field trials at Eglin Air Force Base.
The Lynntech technology al so has been used for removal of lead. No performance data, however, are
availablefor other metals such as manganese and thalium. To date, the technology has been applied
only to in situ and ex situ soil treatment, although the vendor states that it is adaptable to Sudge and
waste solids treatment. Thus, thistechnology is potentially applicable for removal of dioxing/furans
and possibly metals from K178 waste, dthough further investigation and commercia devel opment
might be required.
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6.3 Solvent Extraction

Solvent extraction applies a solvent to the waste matrix for removal of a targeted constituent
or constituents. The specific solvent applied dependson the constituent targeted and the other physical

and chemical characteristics of the waste.

Propane has been shown to remove 47 percent of octachlorodibenzo-p-dioxin from soils at
a Superfund site (Weston, 1989). In another test, addition of a surfactant was shownto remove 98.6
t0 99.31 % of PCDFs (Kuhn, undated). Thevendor of aproprietary solvent extraction system (Terra-
Kleen) reports that its technology has been used to treat wastes contai ning dioxing/furans, although no
performance data are presented in the available sources.

Solvent extraction also has proven effective in remova of metals. Bench-scale tests on
wastewater sludge have resulted in 46 to 97.5 % removal of manganese using mono-(2-ethyl hexyl)
phosphoric acid and di-(2-ethyl hexyl) phosphoric acid (Cornell, et al., not dated). No performance

data are available for solvent extraction of thallium.

Finaly, a commercial vendor (Solv-Ex) reports that its proprietary solvent extraction
technology has been used to selectively remove both metals and halogenated organics from wastes.
The vendor reports that the technology is potentially applicable to dioxing/furans, dthoughit has not
yet been applied for thispurpose. Thus, solvent extractionispotentially applicablefor removing both
metalsand dioxing/furanfromK 178 waste, athough further investi gation would berequired toidentify
aseries of solvents that would be effective.

7.0 Data Sourcesfor Appendix A

Thefollowingisalist of thedata sourcesthatwere employed during thisreview of alternative
treatment technologies for the K178 waste. The sources are listed in the order in which the
technologies are discussed above. For many of thetechnologies, thereisalist of "other potential data
sources.” These other sourceswere those that were uncovered during the review process, but were

not reviewed directly.
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7.1 Encapsulation Technologies

Vitrification

Federal Remediation Technologies Roundtable Remediation Technologies Screening Matrix and
Reference Guide, Version 3.0. Section 4.10: Solidification/Stabilization (in situ soil remediation
technology).

Federal Remediation Technologies Roundtable Remediation Technologies Screening Matrix and
Reference Guide, Version 3.0. Section 4.24: Solidification/Stabilization (ex situ soil remediation
technology).

EPA REACH IT Database. Technology Overview: Plasma ARC Centrifugal (PACT) System.
EPA REACH IT Database. Technology Overview: TerraVIT.

EPA REACH IT Database. Technology Overview: PERMAVIT.

EPA REACH IT Database. Technology Overview: Ecogrind.

EPA REACH IT Database. Technology Overview: McNelill Vitrification Process.

EPA REACH IT Database. Technology Overview: Seiler High Temperature Converter.

Geosafe Corp. "Engineering-Scale Test Report for Application of In Situ Vitrification Technology
to Soil s Contaminated with Polychl orinated Biphenylsat the Northwest Transformer Superfund Site."
GSC 1006, Volume 1: Project Report, February 1991.

Other Potential Data Sources

Eschenbach, R.C. "Vitrificationof PACT." Stabilization of Mixed Radioactive Waste, Williamsburg,
Virginia, November 1993.

Hoeffelner, W., et al. "Plasma Technology for Rapid Oxidation and Vitrification." Nuclear
Engineering International, October 1992.

Schienger, M.E., et a. "Waste Minimization with Plasma Processing.” Waste Management ‘93,
Tucson, Arizona, February 1993.

Warf, W.R., etal. "TheMobilePACT-2." Waste Management ‘ 93, Tuscon, Arizona, February 1993.

Yeadt, T.F., etal. "Volatility Studiesin aRotating Hearth Furnace." 1994 American Nuclear Society
Meeting, November 1994,
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Balasco, A.A., etal. "Bench-Scale Glassification Test on Rocky Mountain Arsenal.” USATHAMA
Reference AMXTH-TE-CR 88015, August 1988.

Chapman, C.C. "Evauationof Vitrifying Municipal Incinerator Ash." 5th International Symposium
on Ceramicsin Nuclear and Hazardous Waste Management, April 1991.

Janke, D.S. "Resultsof Vitrifying Fernald K-65 Residue.” 5th International Symposium on Ceramics
in Nuclear and Hazardous Waste Management, April 1991.

Klinger, L.M. "Glass Furnace Processing of Rocky Flats Plant Wastes." MLM-3493, April 1988.

Koegler, S.S,, et al. "Vitrification Technologies for Weldon Spring Raffinate Sludge.” PNL-7125,
November 1989.

Merrill, R.A., et a. "Results of Vitrifying Fernald OU-4 Wastes." Waste Management ‘93, Tucson,
Arizona, March 1993.

Bryan, Jeremy. "The McNeill Vitrification Process.” European Waste Management Conference,
Denmark, May 1992.

Waring, Steve. "Gas Cleanup Requirements for Soil Vitrification Plant." Atomic Energy Authority,
April 1990.

Weber, Eric J. "Vitrification Technology Targeted at Site Cleanups.” EIl Digest, May 1994.

EPA. "Silicate Technology Corporation Solidification/Stabilization of Organic/Inorganic
Contaminants.” RREL, Demonstration Bulletin, EPA/540/MR-92/010; Applications Analysis,
EPA/540/AR-92/010, PB93-172948. 1992.

U.S. Atomic Energy Commission. "Plasma Arc Technology Evauation." Innovative Technology
Demonstration, Evaluation and Transfer Activities, FY 96 Annual Report, Report No. SFIM-AEC-ET-
CR-97013, 1997.

Wittle, JK., et a. "Graphite Electrod DC Arc Technology Program for Buried Waste Treatment.”
Electro-Pyrolysis, Inc., Wayne, Pennsylvania, 1995.

Campbell, B.E., etal. "Large-scale Commercial Application of the In-situ Vitrification Remediation
Technology." Superfund XV Conference Proceedings, Volume 1, Hazardous Materials Control
Resources Ingtitute, Rockville, Maryland, 1994.

7.2 Destruction Technologies

Dehalogenation

EPA REACH IT Database. Technology Overview: Agent 313.
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Tiernan, T.O., etal. "Laboratory and Field Teststo Demonstrate the Efficiency of KPEG Reagent for
Detoxification of Hazardous Wastes Containing Polychlorinated Dibenzo-p-Dioxins (PCDD) and
Dibenzofurans (PCDF) and Soils Contaminated with SuchChemica Wastes." Chemosphere, VVal. 18,
pp 835-841, 1989.

Peer Consultants, P.C. "Treatability Study of the Base Catalyzed Decomposition Process,
Jacksonville & Rogers Road Landfills, Jacksonville, Arkansas." Document Control Number 01/09-
FS1-TS-290, 12300 Twinbrook Parkway, Rockville, Maryland, December 1990.

Chemical Oxidiation/Reduction

Federal Remediation Technologies Roundtable Remediation Technologies Screening Matrix and
ReferenceGuide, Version3.0. Section 4.18: Chemical Reduction/Oxidation (ex situ soil remediation
technology).

EPA REACH IT Database. Technology Overview: Eco Logic Process.

EPA REACH IT Database. Technology Overview: PulseEnhanced (TM) Steam Reforming.

EPA REACH IT Database. Technology Overview: DETOX (SM).

EPA REACH IT Database. Technology Overview: Catalytic Extraction Process (CEP).

Other Potential Data Sources

Halett, D.J,, etal. "The ECO LOGIC Process: A Gas-Phase Chemical Reduction Processfor PCBs."
U.S. EPA 5th Forum on Innovative Hazardous Waste Treatment Technologies, May 1994.

Hallett, D.J., etal. "The ECO LOGIC Gas-Phase Chemica Reduction Process.” 1994 Superfund XV
Conference and Exhibition, November 1994,

Kimbell, D.G., et d. "The ECO LOGIC Process: New Developments and Applications.” Canadian
Electricity Forum, 8th Annual Industry and PCBs Forum, September 1994.

Duraiswamy, K., et a. "Indirect Steam Gasification of Paper Mill Sludge Waste." TAPPI Journal,
pp. 137-143, October 1991.

Mansour, M.N., et al. "Pulsed Combustion Processfor Black Liquor Gasification." DOE/CE/40893-
T2, February 1993.

Dhooge, P., etal. "Catalytic Wet Oxidation for Cleanup of Gaseous Emissions." Proceedings of the
1995 International Incineration Conference, University of California: Irvine, May 1995.

Dhooge, P., et a. "Engineering Development and Demonstration of Detox(sm) Wet Oxidation for
Mixed Waste Treatment." Proceedings of the 1997 Symposium on Waste Management, March 1997.
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Goldblatt, S., et a. "Engineering Design and Test Plan for Demonstrating Detox(sm) Treatment of
Mixed Wastes." Proceedings of the 1995 Symposium on Waste Management, March 1995.

Goldblatt, S, et a. "Representative Waste Types, Estimated Emissions, Permitting Issues, and
Operational Safety for Demonstration of Detox(sm) Wet Oxidation." Proceedings of the 1996
Symposium on Waste Management, February 1996.

Nagel, C.J.,, et a. "Catalytic Extraction Processing: An Elemental Recycling Technology."
Environmental Science and Technology, 1996.

Evans, L., etal. "Processing Mixed WasteviaQuantum-CEP, A Case Study.” ASME/EPRI Radwaste
Workshop, July 1997.

Mather, R., et al. "Molten Metal Processes Reap Profit from Waste." Environmental Engineering
World, May 1996.

High Temperature M etals Recovery

EPA REACH IT Database. Technology Overview: Plasma Energy Applied Technology (PEAT)
Thermal Destruction and Recovery (TDR).

EPA REACH IT Database. Technology Overview: MSE Plasma High Temperature Recovery.

EPA REACH IT Database. Technology Overview: Horsehead Resource Devel opment (HRD) Flame
Reactor

Versar, Inc. "Final Onsite Engineering Report for the High Temperature M etalsRecovery Test of Sail
from C&R Battery Site, Chesterfield County, Virginia." 6850 Versar Center, Springfield, Virginia,
May 1992.

Other Potential Data Sources

Springer, M.D., et a. "A Versatile Thermal Destruction and Recovery System.” ACS Symposium
Emerging Technologies in Hazardous Waste Management, September 1994.

Fillius, K., et al. "Results of High Metal Content Waste Demonstrations in a Plasma Centrifugal
Furnace, Document PTP-4, MSE Inc." DOE Western Environmental Technology Office, Bultte,
Montana, June 1995.

EPA. "Retech Inc., Plasma Centrifugal Furnace Applications Report.” EPA Superfund Innovative
Technology Evauation Report, EPA/540/A5-91/007, June 1992.

Bounds, C.O,, et d. "EAF Dust Processing in the Gas-Fired Flame Reactor Process.” TMS-AIME,
Lead-Zinc-Tin *90 World Symposium, February 1990.

Zagrocki, R.J., et al. "The HRD Flame Reactor Process for the Treatment of Contaminated Soils.”
Air and Waste Management Association 85th Meeting, June 1992.
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Vacuum Retorting

Adams, JW., et al. " Sepradyne/Raduce High Vacuum Thermal Process for Destruction of Dioxinsin
INEEL/WERF Fly Ash." Report of Work Conducted by the Department of Advanced Technology,
Environmental & Waste Technoloy Group, Brookhaven Nationa Laboratory, Upton, NY, August 2,
1999.

Solvated Electron Technology

Commaodore Applied Technologies, Inc., web site: http://www.commodore.com

Other Potential Data Sources

Abel, Albert E. "Solvated Electron Chemistry Achieves Breakthrough Waste Detoxification.”
Presented at |& EC Special Symposium, September 1995.

Abel, Albert E. "PCB Destruction in Soils usng Solvated Electrons.” Presented to the American
Ingtitute of Chemica Engineers, August 1995.

Abel, AlbertE, etal. "Commercia Systemsfor Selective and Full Destruction of CFCsand Halons."
Presented at the International CFC and Halon Alternatives Conference, October 1995.

7.3 Extraction/Separ ation

Thermal Desorption

Federal Remediation Technologies Roundtable Remediation Technologies Screening Matrix and
Reference Guide, Version 3.0. Section 4.29: Thermal Desorption (ex situ soil remediation
technology).

EPA REACH IT Database. Technology Overview: IT Corporation Thermal Desorption System.
EPA REACH IT Database. Vendor Source Site Data: NCBC Gulfport.

EPA REACH IT Database. Technology Overview: SAREX M X-1500, M X-2000/2500/3000 Thermal
Processor.

EPA REACH IT Database. Vendor Source Site Data: Koppers Company.
EPA REACH IT Database. Technology Overview: Thermatek.
EPA REACH IT Database. Technology Overview: Thermall Corp. Thermal Desorption Process.

EPA REACH IT Database. Technology Overview: Etts Ecotechniek Thermal Treatment System.
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EPA REACH IT Database. Technology Overview: Western Research Ingtitute (WRI) Thermal
Treatment Using Screw Reactors.

Helsel, R., et a. "Technology Demonstration of a Thermal Desorption/UV Photolysis Process for
Decontaminating Soils Containing Herbicide Orange.” |.T. Corporation, Knoxville, Tennessee, June
1987.

Other Potential Data Sources

Alperin, E.S,, etal. "Soils, Removal of Toxics." Encyclopediaof Chemica Processing and Design,
Volume 51, 1995.

Alperin, E.S. "Therma Treatment of Mixed Waste Sludges." Proceedings of American Institute of
Chemica Engineers Summer National Conference, August 1992.

Fox, R.D., etal. "Thermal Treatment for the Removal of PCBs and Other Organics.” Environmental
Progress, pp 4044, February 1991.

Morris, M., et d. "Bench- and Pilot-Scale Demonstration of Thermal Desorption.” Proceedings of
Waste Management 1995, Tucson, Arizona, February 1995.

Miller, Bradford H. "Thermal Desorption Experiencein Treating Refinery Waste." 1993 Incineration
Conference, May 1993.

Miller, Bradford H., et al. "Remediation Using Indirect Heated Thermal Desorption.” HAZMACON
94, San Jose, California, March 29-31, 1994.

Sheehan, William. "Thermal Desorption Utilizing Hollow Screw Technology.” 1992 Incineration
Conference, Session 15, May 1992.

McCabe, M., et al. "Managing Petroleum Refining Wastes by Therma Desorption.” Remediation
Magazine, December 1991.

Abrishamian, R. "Thermal Desorption of Oily Soils and Sludges, Air and Waste." Incinerable
Hazardous Waste Minimization Workshop, January 1, 1991.

Schuler, C., et a. "Therma Treatment of Soil Contaminated with Halogenated Hydrocarbons."
Ecotechniek, July 1993.

Electrokinetic Separation

Federal Remediation Technologies Roundtable Remediation Technologies Screening Matrix and
Reference Guide, Version 3.0. Section 4.6: Electrokinetic Separation (in situ soil remediation
technology).

EPA REACH IT Database. Technology Overview: Lynntech Electrokinetic Remediation Technique.
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Other Potential Data Sources

EPA. "Recent Development for In Situ Treatment of Metal Contaminated Soil." Office of Solid
Waste and Emergency Response, Technology Innovation Office, Washington, D.C., 1996.

U.S. Atomic Energy Commission. "In-situ Electrokinetic Remediation for Metal Contaminated Soils.”
Innovative Technology Demonstration, Evaluation and Transfer Activities, FY 96 Annua Report,
Report No. SFIM-AEC-ET-CR-97013, 1997.

U.S. Department of Energy. "Electrokinetic Remediation of Heavy Metals and Radionuclides.”
Technology Catalogue, Second Edition. Office of Environmental Management Office of Technology
Development. DOE/EM-2035, 1995.

Solvent Extraction

EPA REACH IT Database. Technology Overview: Terra-Kleen Solvent Extraction Unit.
EPA REACH IT Database. Technology Overview: Solv-EX.

Kuhn, R.C. and Piontek, K.R. "A Site Specific In Situ Treatment Process Devel opment Programfor
aWood Preserving Site, CH2M-Hill, Denver, CO. Not dated.

Cornell, D.A., etal. "Batch Feasihility Testing for Heavy Metals Removal from Wastewater Sludges
with Liquid lon Exchange." Not dated.

Weston. "Feasibility Study Amendment, Preferred Alternatives Analysis, United Creosoting
Superfund Site." Texas Water Commission, Austin, Texas, September 1989.

Other Potential Data Sources

Cash, A. "Full Scale PCB Soil Remediation Treatment with Solvent Extraction.” PCB Remediation
Conference, Boston, Massachusetts, September 1995.

Cash, A.B. "Full Scale Solvent Extraction Remedia Results.” 1&ED Symposium, American
Chemical Society, September 1993.

Cash, A.B. "Removal of Chlorinated Pesticidesfrom Soil." 1&ED Symposium, American Chemical
Society, September 1993.

Cash, et al. "Solvent Extraction for the Remediation of Soils." Environmental Geotechnology, May
1992.

Engle, et a. "Solvent Extraction of PCB-Contaminated Soils Using Terra-Kleen." HMCRI
Superfund, Washington, D.C., December 1994.

EPA. "Terra-Kleen Solvent Extraction.” EPA Superfund Innovative Technology Evaluation, May
1996.

A-21



A-22



